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ABSTRACT 

The developaent o£ a category sdhene £or the 
systeaatic analysis of science daissrooa disconrse is described*. 
Three teaching aodels are discnssed; the lapression Bodel, which 
depicts the aind o£ a stndent as receiving and storing external 
iapressions; the Insight Bodel, which deaies tJie possibility that 
ideas vr knowledge can be conveyed by langnage, and describes 
knowledge tp be the-resnlt o£ insight into seaning; and the Rale 
Bodel, which describes the intent o£ teaching to be the acquisition 
of knowledge* The characteristic features of these todels constitute 
the : analytical scheae which is used to identify the teaching aodels 
in t3:anscribed cheaistry and physics lessons in grades 11, 12, and 
13* (BH) 
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FOREWORD ' 

The &xplanat;ory Modes Project Is a research and development effort 
in science education sponsored by the Department of Curriculum In The 
Ontario Institute for Studies In Education* The Intent of the project 
Is to further a highly promising but relatively undeveloped arsa of 
Investigation: philosophical analysis appliecLJto several aspects of 
science education, including the defensibility of objectives, the charac- 
terization of classroom discourse, and the design of teaching materials* 
The series of Background 'Papers presents a variety of theoretical consid* 
Orations and practical applications of systematic Information from such 
area3 of scholarly endeavor as philosophy of science, epistemology , and 
philosophical analysis of teaching* The sample Teaching Materials for 
secondary school are being designed to Illustrate aspects of the nature 
of knowledge and the processes of explanation, as these are reflected in 
science especially (but not exclusively)* 

This paper by Hugh Hunby, ^'Analyzing Science Teaching: A Case Study 
Based on Three Philosophical Models of Teaching," has been selected as 
one of the Background Papers because of its potential usefulness to science' 
teachers and teacher educators alike* It is a significant piece of work 
because Munby develops a category scheme for analyzing science classroom 
discourse, with specific attention to provision made for students to come 
to knoy the science under consideration during a given lessen^ This is 
in contrast to the many available category schemes which are content free, 
focusing on such matters as who speaks, and in response to whom. These 
may be helpful for characterizing classroom climate, or Indeed (as in the 
case of Bellack^s work) for obtaining a concise description of teaching 
^moves^ (structuring, soliciting information, etc*)* However, they miss 
the essence of the way in which science is represented, the need for evi- 
dence and confirmation, and a number of other matters which are best 
approached from the vantage point of philosophical considerations which 
give due weight to the specifics of science itself. 
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Hunby's scheme Is sound, and his sample applications are thoiroughly 
and clearly presented* This paper should be a useful aid to any science 
teacher or teacher educator wishing to become more skilled at detecting 
various means for ensuring that teaching acts In science lessons are 
appropriate to the task students face In coiidng to Imow science* 

Douglas A* Roberts 
Principal Investigator 

The Explanatory Modes Project 
Department of Curriculum 
The Ontario Institute 

for Studies In Education 
252 Bloor Street West 
Toronto, Ontario, Canada M5S 1V6 ^ 

Telephone: (416) 923-6641, 
extension 628 
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CHAPTER I 
OVERVIEW , 



Some Introductory Comnients ^ 

This paper Is about the development of a category scheme for system- 
atic analysis of science classroom discourse. Formulation of the scheme 
Is dlsctissed at some lengthy to permit the reader to examine both theoret- 
ical and methodological considerations' In detail^ and two recorded science 
lessons are analyzed to Illustrate Its us^ In practice. 

In recent years many category schemes have been developed for analyz-^ 
Ing classroom discourse.^ For the most part, these are *'content free*' — 
that ls» not bound to the analysis of teaching any specific subject. Thus 
the scheme developed In this paper Is unusual. It Is formulated around 
Issues concerning techniques and goals appropriate to science teaching^ 
without explicit regard for Issues In the teaching of other subjects. 

Investigators have centered attention on a wide variety of aspects of 
teaching^ In developing category schemes. Among these are such diverse 
vantage points as soclal-^psychologlcal analysls^of classroom Interaction 
and elements of formal logic. The present scheme Is based on vantage 
points from analytic philosophy. It draws on philosophical analysis of the 
concept of teaching Itself^ and on philosophical considerations of what It 



Jhe multi-volume series titled Mirrors for Behavior (Philadelphia: 
Research for Better Schools^ Inc.» 1967 and later) ^ edited by Anita Simon 
and E. Gil Boyer» lists dozens of category schemes. The editors report 
on the use of these Instruments In research^ In teachex* £ducatlon» and In 
supervision. Indeed^ some have been used to analyze science teachings ^ 
though not specifically designed for that purpose. See» for example^ 
J. S, Parakh, "A Study of Teacher-Pupil Interaction In High School Biology 
Classes, Part II; Eescrlptlon and Analysis," Journal of Research li^ Science 
Teaching 5 (1967-68), pp. 183-192; or Ralph Yulo, "An Exploration of the 
Flanders System of Interaction Analysis as a Supervisory Device with Science 
Interns" (Ed.D. thesis. Harvard University, 1967). ^ 
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means co **know** In science. The purpose of the scheme^ chen» Is co make 
Ic possible CO detect and analyze the provision made by a teacher for his 
students to come to **know** the science which Is under consideration In a 
given lesson. 

XWo further points deserve mentilon In these Introductory remarks. 

Firsts the emphasis of this work l3 consistent with goals and aims of 

science teaching expressed very forcefully (though by no means exclusively). 

over the past two decades. This Is the now familiar orientation toward 

having students understand the nature of scientific Inquiry and scientific 

knowledge. However (the second point) ^ while Its emphasis on understanding 

-science Is familiar^ the research style of this paper Is unusual. Most 

science education studies dealing with an understanding of science focus 

attention on the learner In an attempt to attribute Increased student 

understanding of science to the use of particular curl'lculum materials or 

a vaguely described teaching style. Unfortunately » such studies offer 

little of value to practicing teachers^ chiefly because the actions within 

the teacher's control are Inadequately defined » or stated In abstract terms » 

or both ("Inquiry*' emphasis vs. traditional** emphasis in a textbook^ for 

Instance, or "lecture" vs. "demonstration/discussion" as labels for teach^ 

Ing style). It is quite difficult to translate such global abstractions 

into a framework helpful for reexamining one's own teaching or reorienting 

one^s classroom materials. By contrast, the study presented here concen-^ 

trates on fine-structure analysis? of teaching acts, guided b/ a consistent 

philosophical position.^ Thus the research underlying this paper is Intended 

2 

to be as immediately useful to science teachers as possible. 

About the Analytical Scheme 
Formulation of the category scheme (or ''analytical scheme") developed 
in this paper reqjulred systematic answers to £Wo questions. 



A companion to the present study is helpful for similar analysis of 
teaching materials. See the paper by Brent Kllboum, Analyzing the Basis 
for Knowledge Claims in Science Textbooks; A Method and a Case Study ^ 
Background Paper No. 6, xhe Explanatory Modes Project (Toronto; Ontario 
Institute for Studies in Education, 1971). 
2 

Further discussion of this ^nd similar Issues in science education 
research can be found in a paper by Roberts and Russell, "An Alternative 
Approach to Science Education Research; Drawing from Philosophical Analysis 
to Examine Practlcet" in Curriculum Theory Network 5:2 (1975), pp. 107-125. 
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(1) '*What doea it man when we aay scmeone hncmM propoation 

in sHenoe? 

Systeniatlc work from eplstemology (theory of knowledge) provides a way to 
deal with this question, especially If coupled with some considerations 
frcMn philosophy of science. Here the Investigator's pedagogical concern 
Is with the extent to which students are granted the prerogative of having 
scientific knowledge claims substantiated by classroom discourse. That 
leads to the next question. 

(2) Ecw can we assess the extent to which Qlasaroom dCsoourae 

' tndkea proviaion for^ atudenta to knew propoaitiom in science? 

To explore this problem, the investigator turned to the literature on 
philosophical analysis of the concept* of teaching, and especially on the 
relationship of eplstemology to teaching acts. 

Atacng other writers in educational philosophy, Israel Scheffler has 
concerned himself with the Implications of eplstemo logical matters for 
education.^ Extending that concern further, he has used eplst^ology as 

one focal point for distinguishing among three ^'models'* of teaching, which 

2 

he terms the Impression Model, the Insight Model, and the Rule Model. 
The Investigator thus adopted Scheffler*s work as a starting point for 
developing the analytical scheme in this study. 

The scheme Itself, consists of characteristic features by which one 
can distinguish among Scheffler's three models in actual practice, within 
the context of science teaching. These features, developed by the investi- 
gator, necessarily expand somewhat on ScheffXer*s account of the models in 
order to attend thoroughly to the concerns expressed in the two questions 
stated above. 

Limitations of the Study 

Any exploratory case study o£ this type has limitations. The investi- 
gator wishes to call attention to the following in particular. 

First, while the scheme is theoretically useful for analyzing science 
teaching at all le^'els, this case study shows its actual application to ^ 
only two full-length lesson transcriptions. Both happen to be in chemistry 



Israel Scheffler, Conditions of Knowledge: An Introduction to Epi s- 
tanology and Education (Glenvlew, 111.: Scott, Foresman and Company, 1965). 

2 

Israel Scheffler, "Philosophical Models of Teaching." Harvard Educa- 
tional Review 35 (Spring 1965), pp. 131*143. 
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(Oatarlo Grade 12 and Grade 13). They were selected for this demonstration 
of the use -of the. scheme because they intuitively suggested two very differ^ 
ent approaches to the teaching of science. 

Second^ the investigator has not discussed the historical antecedents 
of Scheffler*s thi:ee philosophical models of teaching. That is a limita- 
tion because the discussion of knowledge in this paper entails use of such 
concepts as **truth/' "reality/' •*authority," and "knowledge" itself. It 
is entirely possible that the meanings of these concepts are not constant 
among the three models. Scheffler ascribes the Impression Model to Locke» 
the Insight Model to Plato and St. Augustine^ and the Rule Model to Kant.^ 
An analysis of the meaning of the several knowledge-related concepts for 
these writers might provide further distinguishing features of the three 
models of 'teaching. 

Third? analysis of the transcribed science lessons is intended to reveal 
the provision made by classroom discourse for the student to know the science 
under consideration. It is probable that teachers and students rely on forms 
of communication other than verbal. Movements of the teacher, facial expres- 
sion, and tone of voice are examples of nonverbal communications which might 
in some way influence the manner in which students respond and the knowledge 
which they acquire. Nonverbal communications could be of some consequence 

to the provision made for the acquisition of knowledge; other observers have 

2 

noted s'tudents making use of a teacher's nonverbal communications. However, 
in this study such conmuni cat ions have not been recorded, and the analysis 
" consequently is restricted to an examination of transcribed verbal communi- 
cations. 

Fourth, it will be apparent from the transcrJI^ed lessons that the stu- 
dents have been exposed previously to varying amounts of scientific informa- 
tion. No attempt has been made to determine how this information! was imparted. 
For example, the analysis does not take curriculum materi^ ^s into account. 
The analysis is confined to the immediate teaching which has been recorded. 



Sclieffler, "Philosophical Models." Further discussion of these his- 
torical antecedents may be found In two separate letters to the editor by 
Robert D. Heslop and Israel Scheffler^ titled "Philosophical Models of Teaci^ 
ing," appearing in Harvard Educational Review 35 (Summer 1965), pp. 363-367. 

2 

John Holt relates an instance in which children seem to be using 
movements of their teacher to achieve correct answers in How Children Fail 
(New York: Pitman Pt&lishing Company, 1961), pp. 14-16. 
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Finally » the investigator has noted already that the emphasis in the 
present study is consistent with goals and ains of science teaching oriented 
toward student understanding of the nature of scientific inquiry and scien** 
tific Imowledge* However » no claim is nkade that epistenological considera- 
tions alone are sufficient to meet such goals and aims* Ratb^^x^ this case 
study Is reported in the spirit of contributing to one aspect of a complex 
but exciting &rea of investigation and practical concern in science education* 
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CHAPTER II 
THEORETICAL BACKGROUND 



This chai^ter and the next one deal with theoretical considerations 
encountered in formulating the analytical scheme* while the last two 
chapters are devoted to methodological considerations encountered In its 
practical application* The flow of Ideas In the two theoretical chapters 
Is as follows* First an account Is given of Scheff3,er*s three phllosoph- 
leal models of teaching* Following this Is a discussion of conditions 
that must be fulfilled before we are willing to grant that somethlTig Is 
known In science* ilext Is a discussion of prerogatives that must be 
granted to the student In a classroom If provision Is made for him to come 
to know the science under discussion* Finally* the three models are exam^ 
Ined to see If they make prov^lon for the student to know In science* and 
characteristic features of each model are Identified* 



An Account of the Three Models 
A synopsis of Scheffler^s three philosophical models of teaching Is 
presented In this section* The Intent Is to underscore distinctions .be- 
tween the models which are seen to be most pertinent to development of the 
analytical sdieme* As Indicated previously* no account Is given of the 
historical antecedents of these models* However* the meaning of the Insight 
Model will be clarified by reference to the portion of the Platonic dialogue* 
the Meno* In which Socrates teaches a slave boy a ge<»ietrlc theorem*^ 



The Impression Model 

The Impression Model depicts the mind of a student as receiving and 
storing external Impressions* These Impressions of the basic elements of 



The parallel between the Insight Model and this portion of the Meno 
has been confirmed by Scheffler In a personal communication* 

12 
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knowledge are f^d In, organized, and processed. Thus the teaching act is 
here concerned with exercising "mental processes" of perception, dlscrlm^ 
Inatlon, retention, combination, abstraction, and representation. The 
teacher Is responsible for selecting and organizing Information which the 
students are to receive, and which Is "collectively rich enough to support 
the progressive growth of adult knowledge in the learner*s mlnd."^ Accord- 
ing to this model, knowledge is acquired and organized through standard 
operations of accepted theory. Teaching is thus the liapartlng of knowledge 
which Is a public and recorded possession of culture. 

Scheffler finds three deficiencies in the Impression Model. First, he 
contends that knob/ledge presupposes the Imposition of conceptual frameworks 
uporuaensory data. A conceptual framework consists of underlying axioms, 
generalizations, principles, and postulates of accepted theory. Thus, 
exposure of the underlying conceptual framework is a necessary condition 
for Imparting knowledge. However, the Impression Model does not require 
that such an underlying framework be evaluated. Second, the absorption of 
Information by a student does not Imply that he understands the Information 
received. In this model, students are not required to correlate given 
theory with sense data, nor to appreciate either the grounds for accepting 
theory or the evidence upon which theory rests. Third, the model does not 
require students to make personal judgments about given theory, and thereby 
generate new knowledge. 

The Insight Model . 

The Insight Model denies the possibility that Ideas or knowledge can 
be conveyed by language, and describes knowledge to be the result of Insight 
Into meaning which "makes the crucial difference between simply storing and 

reproducing learned sentences, on the one hand, and understanding their 

2 

basis and application, on the other." 

According to Augustine, the words of the teacher prompt the student to 
search for realities not known to him previously. Scheffler notes the pres- 
ence of a paradox In Augustine's use of words as cues for the student, 
pointing out that words alone are useless as cues to unknowns since the 

^Scheffler, "Philosophical Models," p. 133. 

2 

Ibid. . p. 135. 
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student would need to know the meaning of the word prior to using It In 
his search. In turn, the meaning of the word Is obtained only by knowing 
the reality to which the word referred. The paradox Is resolved by 
Scheffler when he argues that the cues consist of statements Instead of 
words. A student may be provided with a statement whose meaning he knows, 
but whose truth or falsity he determines by an acquaintance with reality. 

According to the Insight Model, learning Is acquired througji a personal 
engagement with reality. Thus the student can appreciate the compatibility 
of theories or statements with reality. These statements might be his own 
or those of a teacher. 

For Scheffler, the Inadequacies of this model are two. The first re- 
sides In Its simplistic account of the testing of a theory against reality — 

Its construction of this testing "In terms of an Intellectual Inspection 
2 

of reality.'* This account omits any concern for **the processes of deliber- 
ation, argument, judgment, appraisal of reasons pro and con , weighing of 

3 

evicfence, appeal to principles, and decision-making.*' The second deficiency 
Is that the model makes no provision for teaching the hablts^ and capabilities 
required for making judgments. Thus the model Ignores the Importance of the 
concepts **reasons'* and **prlnclples" which, for Scheffler, '^underlie not only 
the notions of rational deliberation and critical judgment, but also the 
notions of rational and moral conduct.** 



The Rule Model 

,The' Rule Model describes the Intent of teaching to be the acquisition 
of knowledge.^ It Is suggested that '*the knower must typically earn the 
right to confidence In his belief by acquiring the capacity to make a 



The term "reality" In this description will later be extended to In- 
clude those theoretical representations of phenomena which are visible to 
the students. This will be seen In accordance with the use of a geometrical 
figure In the Meno. 

^Ibld. , p. 138. 
3 

Emphasis in original, 
^' ibld. , p. 139. 

^The phrase "acquisition of knowledge*' is intended to signal the three 
conditions explicated In the section which follows. 
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reasonable case for the belief In question. This capacity would Include 
the ability to treat equal reasons equally and to judge Issues In the con- 
text of general principles to which the Individual has bound himself. 
Exclusive to this model, then, Is the ^^Inculcation of principled judgment 
and conduct. 

As a description of teaching, Scheffler states: ^^Teachlng mav be 

characterized as an activity aimed at the achievement of learning, and 

practiced In such manner as to respect the student^s Intellectual Integrity 

3 

and capacity for Independent judgn^nt." This distinguishes teaching from 
other'acts such as Indoctrination which deny students the opportunity of 
making judgments. It Is clear that only Rule Model teaching has the char* 
acterlstlcs which satisfy Scheffler*s definition of teaching. 

Considerations of Eplstemology 
In determining eplstemo logical features of an analytical scheme based 
on Scheffler*s three models. It Is helpful Initially to distinguish between 
^'public knowledge^^ and ^^personal knowledge. Possession of the latter Is 
what constitutes for the Individual the conditions for claiming that he 
knows a proposition to be the case. Public knowledge appears to be quali- 
tatively different. For example. It may be^publlc knowledge that blue 
litmus paper turns red in solutions of substances which are termed **aclds.** 
But providing a student with a statenent which conveys this public knowl'- 
edge does not imply that the student has acquired personal knowledge of 
this proposition. Instead, we may accurately assert only that the student 
has been, informed that someone thinks this proposition is the case. The 
two types of knowledge are discussed separately, for the differences be- 
tween them are important to this study. 

Public Knowledge Viewed as '^Paradigm Knowledge'^ 

Public knowledge (in science) is conveyed by propositions concerning 
the natural environment derived through procedures (rules) acceptable to 
the scientific community for interpreting observations. The apparent 

'''Scheffler, ^'Philosophical Models p. 140. 
2 

Ibid. , p. 141. 
\bid. . p. 131. 
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success of both the Interpretations and the rules seems to result In their 
becoming Institutionalized, as suggested by Kuhn^s concept of *^paradlgm 
science*" A paradigm, In the sense used by Kuhn, Is understood as the con- 
ceptual framework which Is contemporaneously acceptable to the entire 
scientific community.^ Scientific Investigations and activities operating 
within a paradigm are termed "normal science," the activities of which 
are restricted by: (1) the Intellectual operations prescribed by the para^* 
dlgm, (2) the theoretical constructs which are consonant with the paradigm, 
and (3) the contemporaneous practical limitations (such as measurement tech- 
nology) * 

Thus public knowledge appears to consist of acceptable information 
derived from acceptable Intellectual processes. Since both appear to be 
restricted by a paradigm, then public knowledge may be recognized as para*- 
dlgm knowledge, and scientific information concerning paradigm knowledge 
as paradigm Information. 

The Impartatlon of paradigm knowledge by ^statements of paradigm Infor*^ 
matlon neither implies nor demands that the recipient of the information do 
more than receive the imparted information. If a student who receives in- 
formation is asked questions concerning that infonnation, his responses 
might indicate whether or not he had retained the information. Altema^ 
tlvely, as noted by Martin, a student demonstrating that he knows the re- 
sponse to a question is not necessarily demonstrating more than that he 

2 

knows how to respond correctly. Therefore, however appropriate the 



^omas S. Kuhn, The Structure of Scientific Revolutions (Chicago: 
University of Chicago Press, 1962). Kuhn describes scientific revolutions 
as paradigm changes which occur when a previously accepted paradigm is pub- 
licly recognized as falling to account for phenomena, and so is overthrown. 
In Science and Subjectivity (New York: Bobbs-Merrlll Company, 1967), 
Scheffler presents a critique of Kuhn^s concept of "paradigm." He argues 
that Kuhn is promoting the stance that science is subjective. Schef^ler^s 
objection to the concept "paradigm" appears to be in conflict with the use 
of the concept in this study^ which is based on other works by Scheffler. 
However, this study is not concerned with arguing whether science is sub- 
jective or objective. It is concerned with the way in which science is 
presented to students, and with the provisions made for students to acquire 
personal knowledge as opposed to public knowledge. The clarity provided by 
use of the concept '^paradigm" appears to justify its inclusion in this paper. 

Jane Roland Martin, "On the Reduction of ^Knowing That* to *Knowlng 
How\" in Language and Concepts in Education , ed. B, Othanel Smith and 
Robert H- Ennls (Chicago: Rand McNally & Company, 1961), 

16 
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response, responding per se does not guarantee that personal knowledge has 
been acquired according to the conditions aescribed below. It could be that 
the student is demonstrating that he has received paradigm information. For 
example, a student who deioonstrates that he knows how to balance a chemical 
equation might do so without knowing what the symbols represent, and without 
understanding the adequacy of the equation in representing what it purports 
to represent. 

It is apparent, then, that what is known publicly does not automatically 
become the personal knowledge of an individual who is merely informed by 
statements conveying paradigm knowledge. Personal knowledge may be thought 
of as knowledge which is acquired so that an individual can claim that he 
knows a proposition to be the case. This is explicated in the following 
paragraphs. 

Three Conditions of Personal Knowledge 

Scheffler describes three conditions which must be satisfied if an 
individual is to claim that he knows a proposition to be the case.^ The 
conditions are known as the belief condition, the evidence condition, and 
the truth condition. These conditions will be satisfied in a lesson, if 
provision is being made for the students to acquire personal knowledge. 

The Belief Condition 

Personal knowledge of a proposition requires personal belief in the 
truth of that proposition. Scheffler defines belief to be "a disposition 

to offer an affirmative response to certain sentences under appropriate 

2 

conditions — for example, under systematic questioning." However, a person 
could attest to the truth of a proposition despite the presence of conflict- 
ing evidence. Thus belief id a necessary but not a sufficient condition 
for knowledge. 

In the classroom an assertion made by students or teachers concerning 
a proposition might be interpreted in three ways. First, it could repre- 
sent a restatement of paradigm information; second, it might be an indica- 



A detailed account of these three conditions is found in Scheffler, 
Conditions of Knowledge . 

2 

Ibid. , p. 77. 

17 
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tlon that one or more of the three coaditlons of knowledge Is satisfied; 
or third, It mig^t be an expression of a personal or social opinion (where 
an opinion Is defined as an assertion lacking st&stantlatlon). Thus state-* 
ments'of belief could be misleading to the Identification of a teaching 
model unless the context Is clear. It should be noted that the Intensity f 
with which a_bellef Is held Is Irrelevant to the present discussion. 

The Evidence Condition 

A proposition may be substantiated by using evidence, logical proofs 
or personal faith. Evidence can be obtained from reports of direct obser- 
vations, or from direct observations per se. Reports of direct observa- 
tions are usually offered as stat^ents of an authority. The reliability 
of an authority is . a function of the repllcablllty of his observations 
by others, not necessarily a function of the authority's position or com- 
petence, which the term ^'authority** sometimes connotes. Evidence result- 
ing from direct observations may be subjective, for perceptions may be 
clouded by the preconceptions and/or expectations generated by the para- 
digm or personal disposition. 

In this document personal faith is considered to be similar to belief. 
Substantiation resulting from logical proof is judged according to the evi- 
dence accumulated to support the premises of the argument. Thus evidence 
is a necessary but not a sufficient condition for the acquisition of 
personal knowledge. 

The Truth Condition 

Ultimately, acquisition of personal knowledge is achieved by determin- 
ing the truth of a proposition. For Scheffler, the truth of a proposition 
is determined only by recognizing the limits within which the proposition 
is said to be true. Thus the statement "According to 0alton*s theory, 
all matter is composed of atoms" is true, because it states the conceptual 
framework or paradigm which governs "all matter is composed of atoms," and 
because Dalton*s theory contains that assertion. 

The significance of fulfilling the truth condition in classroom dis- 
course is evident from the following illustration. A teacher might state. 



This argument is presented in detail by Scheffler, ibid. , pp. 44-54. 
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**A11 matter Is composed of atoms.** If both student and teacher are operat- 
ing conceptually within the same paradigm^ then the student Is able to com- 
prehend precisely the meaning Intended by the teacher. However^ the teacher 
mig^t be using a paradigm in which atoms are recognized as postulated entl*^ 
tles» whereas the student unbeknown to the teacher^ could be using a para- 
digm in which postulated entities have a one-to-one correspondence with 
observable entitles. Thus the student could misunderstand the representa- 
tion of science conveyed by the teacher's statement. ^Thls problem can be 
obviated if the teacher explicitly refers to the paradigm he is using (that 
ls» if the teacher fulfills the truth condition). 

Prerogatives Governed by the Eplstemology of 
^ ' Classroom Discourse 

Verbal interactions necessarily are characterized by the intrusion of 
the speakers upon each other*s perceptions. In general^ the participants 
of such interactions are at liberty to prevent further intrusion by reques^c- 
Ing that the interaction cease. Another characteristic of general verbal 
interaction is that it carries with it no coercion for taking physical or 
Intellectual action upon the request of a participant; that ls» neither 
participant is empowered wlth'prerogatlves which would permit him to coerce 
the other into taking any form of action. The absence of any legal or 
logical permission to coerce allows several grounds for legitimately refus- 
ing to take such action. 

In some societal institutions there are Instances of verbal interaction 
in which a participant may exercise certain prerogatives over another partic- 
ipant. In law courts there is a complex hierarchy of prerogatives which are 
designed to administer justice and to protect the Innocent. Upon taking 
the oath» a witness is compelled to answer questions. This compulsion may 
be thought of as a manifestation of a contractual prerogative by which the 
witness has bound himself to the truthful answering of questions. The wit- 
ness is protected by other members of court who are bound to ensure that 
the questioning is relevant to the process of the court. Alternative 
examples of prerogatives may be found in the military service. An individ- 
ual enrolled In a service has entered a contractual prf^ogative which binds 
him to obey the orders of his superiors. 
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It Is possible to detect the existence of a contractual prerogative In 
classrooms which Is distinct from the legal obligations of students to be 
present and of teachers to teach. A feature which distinguishes this con- 
tractual prerogative from those of other societal Institutions Is Its seem-. 
Ing undisclosed nature. The student may be seen as entering a contract 
with a teacher to have something done to him. At the tline wh€ii the student 
enters the contract, he Is not aware of what Is to be done to him, and prob- 
ably he will remain, Ignorant of what It Is until the outcome of teaching Is 
attained, at which time the contract expires. Whatever the content of this 
contract, a teacher Is legitimately 'exercising his prerogative by Insisting 
that a student submit himself to the terms of the contract, of which the 
latter may be unaware. Thus a teacher seems to be In a position to require 
students to take Intellectual action (and physical action where prescribed 
by school regulations), While the student appears to be unable to resist 
such requests. Alone^ this suggests that a student has no recourse to 
counteracting the Intrusion of teaching upon his perceptions. The follow- 
ing characterization of teaching Is Included to Indicate that the Intrusion 
may be counteracted. 

If the teaching act Is considered as aimed at the student to facilitate 
the processing of his experiences, then a further prerogative et. ;rges. 
Within the classroom, the ultimate person responsible for processing a stu- 
dent's experiences Is the student himself; for whatever Is attempted. It Is 
not possible for a teacher to tave complete control over the processing of 
a student's perceptions. The choice of how to process his experiences 
remains the prerogative of the student. Since this ^choice Is the preroga- 
tive of the student. It Is apparent that teaching should be directed at 
making provision for the choice to be the result of judgment, rather than 
arbitrary opining. The making of critical judgments, we have seen, requires 
that the student adopt the dispositions and capabilities necessary for prin- 
cipled deliberation. 

In the next chapter, the three models of teaching are examined to deter- 
mine which prerogatives are Inherent In each model, thus clarifying further 
this discussion of the nature of contractual prerogatives in classrooms. 



Komlsar makes the point that teaching Is Intrusive upon the perceptions 
of the student. In "Is Teaching Phoney?'*, Teachers College Record 52 (Febru- 
ary 1969), p. 409. 
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CHAPTER m 



THEOHETICAL DEVELOPMENT OF THE ANALYTICAL SCHEME 

The cheoreclcal considerations of th^ previous chapter are used here 
CO determine Che characteristic features of the three models of tf^achlng. 
These features constitute the analytical scheme which Is used to Identify' 
the models in the transcribed lessons. Determination of these features 
Is facilitated by the use of a specific terminology which Is described 
below» with reference to the discipline of physical science. This termln- 
ology Is used c^^nslstently throughout the remainder of the paper. 

Definitions 

Physical science Is taken to mean & system of laws» theories^ general*- 
lzatlons» and principles which are used to explain natural phenomena. It 
Is helpful to Identify three distinct components within this way of explain* 
Ing: observable phenomena; an explanatory system; and logical rules which - 
permit one to link phenomena with the explanatory system^ or to move within 
the system per se. These components are not exclusive to physical science. 
However, the attribute of physical science, which distinguishes It from otner 
ways of explaining phenomena. Is that explanations using magic, religion, 
animism, and the willful behavior of inanimate substances are not permitted 
In science. 

In this paper logical rules are termed "logical procedures" (thus avold-^ 
Ing unintended associations with the Rule Model). Logical procedures whldi 
are seen to link phenomena with the explanatory system are termed "logical* 
empiric procedures." Logical procedures which x<±present a movement within 
the system are termed "logical-analytic procedures." 

It Is anticipated that In the lessons some confusion may be evidenced 
between observable entitles and postulated entitles. The former are visible, 
or potentially visible^ to the students. The latter are postulated to 
explain observable phenomena; they are thus abstractions. This possible 
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confusion may be explained by referring to the scientific paradlg^m. Within 
the contemporary paradigm It Is legitimate to speak about atoni'^ as though 
one were reporting about states-o£-a£falrs . However, a correct representa- 
tion of science would require that some reference be made to the paradigm* 
Omission of this reference results in a misrepresentation of wha^ i^ known 
about phenomena. Since the present study Is concerned with the iiianner In 
which science Is represented or misrepresented to students, it Is necessary 
to specify a terminology which will permit identification o£ such misrepre- 
sentations, and which may be used consistently for all three models without 
conflicting with their historical antecedents. For thi s reQSon the t^nss 
'Veality'* and "fact" will be avoided in the development ^nd use of the 
analytical scheme. 

In lessons, abstractions might be represented as reports of states-of- 
af fairs. These are termed "postulated entities*' and "observable entities" 
respectively, in order to assist the Identification of any misrep res en tac- 
tions. In science, inferences are made concerning the behavior ot postu- 
lated entitles and observable entities. Although such inferences rest on 
evidence and paradigm rules, they are at times represented in lessons as 
reports of states-^of-affairs . This may occur with or without reference to 
the paradigm In which the inferences are recognized as useful. 

"Authority" is used to refer to one who Is in a position to know> who 
has recognized expertise in the pertinent area of knowledge, aad t^*iose 
observations are replicable by others. It is anticipated that the follow^ 
ing points, germane to authority, w;lll be useful for Identifying different 
models. Students could be provided with the evidence afforded by an 
authority, or the evidence could be paraphrased. A reference to the source 
In which the authority presents the evidence would permit students to 
examine the source, and thence to make some assessment of Its reliability. 

In the previous section Ic was shown that the presence of evidence Is 
necessary for the acquisition of personal knowledge. Any statement which 
makes reference to observable phenomena will be termed an "empirical rafer- 
ence^" The presence of an empirical reference does not necessarily estab- 
lish that the evidence condition has been satisfied. It is necessary that 
the phenomena referred to by the empirical reference are visible to the 
students, or have the potential for being visible to the students (for 
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Instance » there may be references to coimon phenomena). In the analysis 
note will be made of Whether or not an empirical reference is considered 
as providing evidence. 

The term "rep res eat at ion" will be used to denote chemical symbols » 
equations* diagrams* and other collections of i^bols Which represent 
states-of-^af fairs. Representations are tbemselves abstractions* and are 
used to explain or clarify states*of*afrairs or other abstractions. Con- 
sequently* representations have some correlation to states-of-affairs. It 
is anticipated that the way in which this correlation iB explicated will 
be a useful indicator of the model evident in a portioii of a lesson. 

Identification of the Features 
In the remainder of this chapter* the models are examined separately 
'to determine their characteristic features. A summary of these features 
can be found at the end oi the following chapter. 

The Impression Model 

According to the Impression Model* the teacher^ selects tha information 
which is imparted as kaowledge. This is to be accepted by the student with- 
out question. The student is not afforded the opportunity for putting the 
received paradigm knowledge to the test of his experiences; nor is he encour- 
aged to exercise his prerogative of personal choice concerning the acceptance 
of what he is told and any actions related to it. Thus there are no grounds 
for assuming that the student acquires personal knowledge. Instead*^ the 

r- 

contractual prerogative inherent in this model appears to be that the stu- 
dent accept paradigm knowledge as personal knowledge. 

This requirement provides an indication of the types of questions 
and responses which characterize Impression Model teaching. Since students 
are to receive information without judgment or argument* there will be no 
attempt by the teacher to ask questions requiring more than a recall of 
inJormation which has been given previously* Consequently* the responses 
characteristic of this model will contain recalled information* 

The knowledge Imparted by this model is described accurately as para- 
digm knowledge* This description has two implications: first* the infor- 
mation is presented as true -without either reference to the rules and 
assumptions of the paradigm* or provision of empirical references; and 

23 
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secoad, the presentation of Information as true does not permit students to 
make judgments concerning Its acceptability. By definition, a truth Is not 
negotiable — It connotes finality; and without the provision for considera- 
tion of alternative explanations, there Is no occasion for students to make 
judgments* 

The features of J:hls model are discernible from the Inherent Intention 
to present paradigm knowledge*^ The presentation of paradigmatic truths 
without reference to the paradigm entails an Inattention to correct eplste- 
mology In science* Thus there will be evidence of the presentation of Infer- 
ences as observable phenomena, and postulated entitles will be described In 
a manner similar to that used for observable entitles, both without reference 
to the paradigm and description of the paradigm* 

For a student to judge a logical procedure, the procedure must be 
___depicted so that the appropriateness of Its use can be assessed. Further, 
the appropriateness of a representation cannot be judged logically unless 
the representation Is presented so as to clearly Indicate that It Is an 
abstraction. In this way the teacher makes provision for the consideration 
of alternative representations. Teaching by the Impression Model makes no 
provision for students to form judgments. Thus depiction of logical pro- 
cedures, and provision for the consideration of alternatives are not char* 
acterlstlc of Impression Model teaching. 

The use of representations and explanations need not be substantiated 
for they 4ire presented as accepted truths. Consequently, there Is no need 
to provide empirical references nor to expose the students to observable 
}}henamena. Evidence from authority may be used without reference to its 
source. Neither is it necessary for the evidence to be cited accurately. 

The Insight Model 

Characteristic of the Insight ^fodel is the teacher's use of verbal cues 
to prompt the student. The student uses these cues to acquire knowledge 
through his perceptions of observable phenomena. This method of eliciting 



^t should be noted that the paradigm being taught need not be the 
currently accepted paradigm. The Impression Model would permit the teach- 
ing of eighteenth-century paradigms, and would permit a teacher to require 
the students to accept them as truth. 
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knowledge Is analogous Co chat used by Socrates In a portion of the Meno 

dialogue. In this portion of the dialogue* Socrates elicits a geometrical 

theorem from ^ slave boy* by asking questions concerning drawn diagrams. 

The boy uses Socrates* cues and the diagrams to respond* and finally he Is 

able to state the theorem. The diagram may be thought of a representa^ 

tlon; thus It seems permissible to extend the characterization of the model 

to include a search within a .representation* In addition to a search In 
2 

states^of-af fairs. The logical procedures which are used In the Meno dla** 
logue can now be Identified as loglcal^analytlc procedures. If the student 
were acquiring knowledge from states-"of^af fairs* a logical-empiric procedure 
would be evident. 

A further point can be made from the Meno dialogue. The drawing of 
the diagram Initially establishes that the logical procedures to be used 
are thora of Euclidean geometry. However* there are alternative geometries* 
such as those of Lobachevsky and Rlemann; and* althougjt the use of these In 
the Meno Is an historical Impossibility* It Is useful to note that the 
Euclidean paradigm Is established without provision for the consideration 
of any possible alternatives. 

Emplrlca.lly* It seems that the manner In which science Is represented 
In the Insigjit Model Is no different from that In the Impression Model. The 
models are similar in their omission to prescribe that, the teacher provide 
the students with means for judging the appropriateness of the Inferences* 
explanations* and logical procedures within a paradigm. Therefore* postu^ 
lated entitles will be presented as observable entitles » and Inferences 
will be presented as reports of observable phenomena. There is no need for 
the teacher to make provision for the consideration oC alternatives* because 
neither model makes reference to judgment* The evidence of an authority 
may be used as a means of support for a statement* but there is no need to 
refer specifically to the authority* nor to cite the statements of the 
authority. 

The difference between the two models is evident in the manner in 
which students are expected to react to stimuli provided by a teacher. On 



Plato Meno 82B-85C. As noted earlier* the appropriateness of this 
analogy has been confirmed by Scheffler in a personal communication* 
2 

This extension of «the Insight Model has been allowed by Scheffler in 
a personal communication. 
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the one hand, the Inipresslon Model represents the student^s mind 3S a 
tabula rasa, receiving stimuli. The Insight Model, on the other hand, 
depicts the mind as having prior knowledge which Is elicited by stimuli In 
the fona of cues. The student uses these cues to examine representations 
or observable phenomena, and thereby to provide new Information. His 
responses are restricted by the cues provided, and by the phenomena or rep^ 
re^eittatlons used In constructing those responses. Thus the student Is not 
expected to exercise judgment; he Is expected only to demonstrate his under- 
standing of a logical procedure by responding appropriately to the teacher's 
cues. This appears to describe the nature of the contractual prerogative 
in the Insight Model. 

It is not possible to predict precisely the typ^ of cues which are 
identifiable with Insight Model teaching. They will be characterized by 
their Intention to elicit new information; and they will form part of a 
logical procedure which the student will follow in order to responi correctly. 
On occasion it is possible that the teacher^s cues appear Irrelevant to the 
logical procedure which a student is apparently Intended to understand. In 
the analysis, such Instances will be noted^ and arguments will be presented 
to demonstrate that such teaching can be regarded as Insight Model teaching. 

The Rule Model 

The Rule Hodel is distinct from the other models in the provision it 
makes for students to acquire personal knowledge, and to make judgments. 
Thus it is Insufficient for a teacher to supply Information and to demons 
strate logical procedures. Instead, logical procedures must be described 
in such a w^y that provision is made for the consideration of alternative 
procedures and explanations. This may be recognized as the fulfillment of 

the^truth condition, a necessary condition for the acquisition of personal 

knowledge. 

If teaching by the Rule Model requires fulfillment of the truth condi- 
tion, then scientific knowledge will be represented as relative to a para- 
digm. That is. Inferences used to formulate abstractions, and the abstrac- 
tions themselves, will be accompanied by reference to a paradigm* Alterna- 
tively, the Inferences and abstractions will be seated in such a way that 
they are seen to be clearly dependent upon a paradigm, and that the use of ^ 
alternative paradigms mlg^t result in alternative Inferences and abstractions. 
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If an Inference Is prefaced with a word which connotes chaL alcemaclves are 
possible, Chen this would permit a student to request substantiation or 
alternatives, and to judge the acceptability of the Inference* This provi- 
sion ^for consideration of alternatives does not imply the need for provision 

of alternatives* Such a requirement would place considerable stress on the 

1 

practicality of Rule Model teaching. 

The Rule Model prescribes that the paradigm be either exposed or 
referred to in such a way that students may judge the appropriateness of 
the Inferences and explanations which the paradigm offers* 

A teacher will Introduce a loglcal*-analytlc procedure in such a way 
that its use is both explicated and justified* By definition, the use of a 
logical-empiric procedure is accompanied by an empirical reference* Since 
the Rule Model requires the students to acquire personal knowledge, then 
the teacher is required to provide evidence for^ the students* Thus, objects 
or events to which empirical references refer must be visible to the students, 
or be such that they are within common experience so that they are potentially 
visible to the students* For Instance, there might be a reference to a 
previous demonstration, or to some common natural phenomenon* 

Evidence derived from an authoritative source will be accompanied by 
some reference to its origin so that students are provided with some grounds 
for judging the reliability of the authoritative source* The evidence will 
be cited from the source, or the teacher will provide a paraphrase and indi- 
cate that he is doing so* 

Typically, transcriptions of Rule Model teaching will show Inferences 
to be distinct from reports of observable phenomena, and postulated entities 
will be shown distinct from observable entities* If this, is not explicitly 
stated, then there will be a reference to the paradigm used at that time 
(implicit references are noted in the analysis wherever possible)* Logical 
procedures will be described in such a way that provision for alternatives 
is being made* Alternative explanations need not be provided, but the teach- 
ing will be seen to provide for the consideration of alternatives* 

In terms of prerogatives, the teacher can legitimately Insist that stu- 
dents be exposed to explanations and to their means of support* But the 

^In a personal communication, Scheffler has acknowledged that the 
requirement "provision of alternatives" is too stringent an interpretation 
of Rule Model teaching* 
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teacher has no right to require students to accept a proposition as true* 
Ascribing a truth value to a proposition is the prerogative of students* 
Previously it was noted that the ultimate responsibility for the processing 
of personal experience rests with the individual* Teaching by the Rule 
Model permits students to exercise the prerogatives associated with this* 
In addition, students are permitted to partly counteract the Intruslveness 
of teaching either by requesting support for the teacher^ s claims , or by 
providing argtiments for not accepting them* 

Questions characteristic of the Rule Hodel will reflect the intention 
that students make judgments* Thus questions might require the provision 
of evidence, argument or judgment* The responses will fulfill these requests 
appropriately* 
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EMPIRICAL PROCEDURES OF THE ANALYSIS . 

Hils chapter and the fliml one deal with ifetho do logical considerations 
encountered In application of the analytical scheme. The present chapter 
describes the manner in ^Ich lessons were collected and the format In 
which they are presented. Also» procedures for selecting portions of lessons 
for analysis are detailed » and some mechanical procedures of analysis are 
noted. A concise version of the analytical scheme la then provided at the 
end of the chapter. 

Collection of Lessons 

The analytical scheme theoretically should be applicable to all levels 
and types of science lessons. For purposes of this case study» It was 
believed that useful transcriptions might be obtained from recordings of 
chemistry and physics lessons In Grades 11» 12 » and 13. 

Permission to record was obtained from four science teachers whose 
schools. are within the metropolitan Toronto area. The teachers were Informed 
that the recordings were not for the purpose of evaluating teachers^ but of 
demonstrating the application of an analytical scheme. In all» ten lessons 
were recorded: one lesson from Teacher W» and three consecutive lessons 
fro^ each of the other teachers X» Y» and*Z.^ The recordings were made with 
a monaural tape recorder and a single microphone which was placed near the 
front of each classroom. During the lessons^ notes were made of blackboard 
writing^ references to textbooks^ and other pertinent details. Ko records 
were kept of class slze^ student variables^ teacher variables^ or lesson 
duration. Such factors are of no importance to the present study» for 
obvious reasons. 



Following the first recording^ Teacher W expressed the belief that 
the material he was teaching was too theoretical to be of use to the study. 
In order to prevent any possible uneasiness^ It was agreed that the class 
would not be recorded again. 
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All ten lessons were recorded within a period of two weeks. Whenever 
feasible^ each recording was transcribed Immediately after It was made. 
Ultimately two lessons were selected for presentation in t3ils paper — one by 
Teacher W (his first and only lesson) and the other by Teacher X (his third 
lesson). Both happen to be In chemistry. Teacher W Is teaching a Grade 13 
classy while Teacher X Is teaching a Grade 12» nonacademlc group (called^at 
the time» the **four-year stream"). The lessons were chosen because Intul-' 
tlvely they seemed to represent two different approaches to the teaching of 
science. 

Presentation of Transcriptions 

The lessons and their analysis are presented In the Appendix^ but It .- 
would probably be most appropriate If the reader delayed examining that 
material for the moment. The discussion In the remainder of the present 
chapter Is helpful In understanding and following the analysis^ and It Is 
suggested that the reader actually examine both lessons and analysis upon 
beginning the next chapter. 

Lessons are displayed with the transcribed discourse con:i:lned to half 
the page on the left-hand side. This format provides space for the analysis 
to be written opposite that portion to which It refers. Students are Identi- 
fied by name whenever it is evident from the discourse; otherwise they are 
identified sinqiXy as "Student." The teacher is always identified as 
"Teacher.** The Unes of discourse on each page are numbered in multiples 
of five to facilitate reference to specific lines; these numbers appear at 
the left of the page. Explanatory comments^ chemical equations » and similar 
blackboard work are enclosed within parentheses and included in the body of 
the transcription. The one larger table in Teacher W*s lesson is reproduced 
at the end» and the reader is referred to it by a footnote at the point 
where it was first used in the lesson. Each lesson is identified at the 
beginning of the transcription. 

Procedure of Analysis 

Grouping Utterances 

An important methodological consideration encountered was to decide 
which portions of the transcriptions would be analyzed, and to justify the 
exclusion of the remainder. It seemed useful, foi this purpose, to divide 
the classroom discourse into four types of utterances. 
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GrouTi 1 

This group Includes all statements and questions which relate directly 
to knowledge. These utterances would include assertions about phenoinena, 
abstractions, explanations, etc., and questions relating to these. 

Group 2 

A number of utterances have an indirect relation to knowledge. These 
make reference to past or future work, assigniaents, tef;ts, the opening ot 
textbooks, the copying of material, and others. For instance, the state- 
ment, '^You will renember this from last week*^ would indicate- that the topic 
referred to had been mentioned previously. ^*Open your books at page ten^' 
is a further example of a Group 2 utterance. 

Group 3 

Utterances in this group have a minimal relation to knowledge. Rather, 
th^ concern the maintenance of classroom order and personal conduct of the 
students. Normally such statements are not analyzed, but if relationships 
between classroom discipline and inferred teaching model are evident, they 
are noted. 

. 

Group 4 

This group includes utterances such ^ overtures (*'Hello,** *'Good morn- 
ing,^* etc.), remonstrations, asides, jokes, laughter, and similar irrele- 
vancies. These are not analyzed, althougji they remain in the transcriptions. 
It is understood that noises of assent or dissent, relating to questions of 
knowledge, are considered as Group 1 utterances. 

Choice of Utterances 

Since this study is restricted to the knowledge dimension of teaching, 
the analysis is directed at Group 1 utterances. In the analysis, utterances 
of Group 1 are not identified by the description '^Group 1*'; instead, the 
utterances of the other groups are ignored. In a few cases it is found use- 
ful to explain other utterances. These are clearly identified as belonging 
to one of the other groins. 
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Identlflcatlon of Episodes 

Each lesson Is analyzed as a discrete unit of teaching. Any depar- 
tures from this procedure are justified within the analysis. For cdhve*^ ^ 
nlence» each lesson Is divided Into consecutively numbered episodes. 
These episodes will be seen as ''distinct parts of lessons; they may repre* 
sent stages of a teacher^s argument* or they may contain different topics 
taught within the lesson. No attempt is made to justify the divisions 
used in distinguishing the episodes* beyond their apparent usefulness. 
(There are fifteen episodes in Teacher W*s lesson and elg^t in Teacher X*s 
lesson.) * 

Indicating Episodes in the Analysis 

Episodes are designated by underlining* and their limits are indicated 
by line numbers and page numbers (where appropriate). For Instance* 
Episode 1 . LL.1-8 (p.A3)'^ indicates that the first episode conmiences on 
the current page at line one* and ends on line eight of page A3. Should 
an episode begin and end on the same page* then the page reference is omitted. 
The symbols for "line*' and ^'LL" for "lines" are adopted to avoid confu- 
sion between the number "1*' and the letter 

Designation of Model of Teaching 

The model of teaching evidenced in an episode is identified by placing 
the name in upper-case letters immediately following the commencement of the 
episode. Any departures from this procedure are clearly indicated. Whenever 
the name of a model of teaching is used to denote its apparent presence* the 
name is placed in upper-case letters! for Instance* a question which is 
characteristic of the impression Model is identified as an "IMPRESSION ques- 
tion." in some episodes more than one model of teaching appears to be evi- 
denced. These instances are noted appropriately. 

Location of Analysis 

The analysis includes justifications for classifying episodes as 
instances of teaching models. Therefore* the analysis appears opposite that 
portion of the discourse to which it refers. Reference to specific parts 
of the discourse is achieved by using the notation "L" followed by the 
appropriate line number. 
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Sumnary of the Analytical Scheme 
The arguiDents In the analysis are used to Identify the models by Indi- 
cating their characteristic features which are evident In episodes of the 
lesson transcriptions* These features are listed below In summary form* 
The terminology Is consistent with that used In the analysis » and of course 
with the theoretical development presented earlier* 

The Impression Model 

a) There will be no reference to paradigms so th e Inferences of a paradigm 
will be presented as reports of observable phenomena* 

b) No distinctions will be made between postulated and observable entitles* 

c) Empirical references are not necessarily provided » nor Is the phenomenon 
necessarily visible to the students* 

d) Logical procedures need not be explicated nor need their use be justified 

e) There Is no provision for the consideration of alternative procedures or 
explanations, 

f) The evidence of an authority need not be cited » nor need there be refer- 
ence to the source of this evidence* 

g) The teacher^s questions Intend to elicit the recall of Information given 
previously* 

h) The students* responses will contain Information given previously* 

The Insight Model 

The presentation of science In this model Is similar to that In the 
Impression Model. 

«) There will be no reference to paradigms » so the Inferences of a paradigm 
will be presented as reports of observable phenomena* 

b) Postulated entitles will not be distinguished from observable entitles* 

c) Empirical references are not necessarily provided^ nor is the phenome- 
non necessarily visible or potentially visible to the students* 

d) There is no provision for the consideration of alternative procedures 
or explanations* 

e) The evidence of an authority need not be clted» nor need there be a 
reference to the source of this evidence* 

f) The teacher*s questions, which are referred to as "cues/* are Intended 
to elicit new information. 
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g) Cues may form part of a logical procedure which students must follow 
If they are to derive the required new Information* 

h) Some cues may be seen as Irrelevant to the responses required or the 
logical procedure Intended. 

1) The responses of students will provide new Information. The responses 
are derived from the teacher's cues. 

The Rule Model ' 

a) Paradigms are exposed or referred to» so that the Inferences of a para- 
digm are presented In such a way that they are clearly to be associated 
with a paradigm. 

b) Postulated entitles are distinguished from observable entitles* 

c) Logical procedures are clearly explicated » and provision Is made for 
their use to be questioned* 

d) There Is provision for the consideration of alternatives* 

e) Empirical references are provided; the phenomena are visible or poten- 
tially visible to the students* 

f) The use of an authoritative source Is accon^anled by a reference to 
the authority; the authority's statements are provided^ or the teacher 
Indicates that he Is presenting a paraphrase; 

g) Characteristic Rule Model questions would contain requests for judgments^ 
evidence » substantiation^ or alternatives* These requests will be 
answered appropriately. 



CHAPTER V 
IHPLICATIONS OF THE STUDY 



The first section of this chapter specifies methodological dlfflcul** 
ties experienced In practical application of the analytical scheme. In 
the second section* some theoretical Implications and practical consequences 

of teaching according to the models are discussed from both the foregoing 

' 2 
theoretical considerations and the evidence provided In the Appendix. The 

final section contains some concluding remarks. 



Practical Llmltatl^is of the Analytical Schose 
A deficiency In. the use of the analytical scheme Is the difficulty 
experienced In Identifying which Information the students have been 
acquainted with previously. This limitation was noted In Chapter I: the 
user of a scheme such as this one Is obliged to analyze the Immediate dls* 
course without referring to what has been taught In a prior lesson. 

The first episode o£ Teacher W's lesson (L.l [p.A2] to L.8 [p. AS]} 
affords an Illustration of the type of difficulty resulting from this limi- 
tation. Clearly^ the structural representations and logical procedures 
referred to here have been Introduced to the students In a preceding lesson. 
If there were some Indication of how these were Initially taught* the lesson 
might have been analyzed differently. It Is noted* however, that there Is 
no reference In this part of the lesson to the paradigm which permits the 
representations to be spoken of as states-of-af fairs. The episode is de^ 
scribed as Inslchr Model teaching for two reasons. First* no distinctions 
are made between representations and reports of states-of-af fairs; and 
second* there Is no provision of means for judging the adequacy of these 
representations . 



^At this point the reader Is urged to read the appended lessons and 
their analyses « 

2 ' " 

Reference Is made to the Appendix by appropriate page and line 
numbers^ 
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A similar difficulty Is apparent In the final episode of Teacher X^s 
lesson (Episode 8. L.27 [p.A37] to L.30 [p.A39]). The episode evidently 
constitutes an Introduction to the next topic for the class; one might, 
therefore, Infer that the omitted sources of evidence and logical pro- 
cedures will be supplied in following lessons. There is a reference to 
some forthcoming evidence (L.40 [p.A38]) but there is no indication that all 
the relevant information will be presented. Since the analysis is directed 
at the Immediate provision for students' to know, the episode is identified 
as Impression Model teaching. 

There are instances in which the identification of an episode as evi- 
dencing one of the models is confused by the existence of features of other 
models within the same episode. Episode 5 in Teacher X^s lesson (L.48 [p.A29] 
^o L.33 [p.A32]) is identified as Rule Model teaching. However, it is seen 
to contain a portion of Insight Model teaching (LL.34-39 [p.A3l3). The 
resulting confusion might be removed by reducing the length of episodes and 
increasing their frequency, yet this might render the analysis overJy compli- 
cated. Another solution mig^t be to classify episodes according to the 
model predominantly evidenced, yet this would require some means of assess- 
ing the quality and quantity of each model present in any one episode. The 
resolution of problems emanating from such assessments would not add to the 
purpose of the analysis, which is to identify the models and assess the pro- 
vision for students to know. Similarly, It would be meaningless, for in*- 
stance, to judge Teacher X to be a "Rule Model Teacher.** Instead, it is 
possible to examine the transcript without making such a judgment, and de- 
tect the evident consequences of Teacher X*s use of any one of the models. 

Precise classification of some portions of episodes was hindered both 
by a paucity of identifiable features, and by the lack of any procedures for 
quantification in the analytical scheme. In all such portions, classifica- 
tion was finally achieved,^ but in s<xDe it required lengthy argument. (A 
consequent disadvantage of the scheme is that it could not be used for an 
Instant analysis of lessons, thereby limiting its use for purposes of class- 
room'^supervlsion. Undertaking a comprehensive analysis requires a consider- 
able amount of time, and the product is almost as long as the original les- 
son transcription.) The following instances are discussed to clarify diffi- 
culties in resolving some of the problems encountered. 
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Episode 8 in Teacher W*s lesson CL.32 [p.A12l to L.9 [p.AU]) is iden- 
tified as Impression Model teaching* despite the presence of some Rule Model 
features (notably the justification for the use of iodine). In order to , 
derive this identification it was necessary to analyze the justification per 
se, rather than merely acknowledge its presence. 

Difficulty was experienced in analyzing a section on page A27 (LL. 10-13). 
Here the teacher names the odor (L. 13) without explicit justification from 
the students* observations. This statement cannot therefore be attributed 
properly to Rule Model teaching. The student^s response (L.12) can be inter- 
preted in one of two ways. Either it is a report of an observation, namely^ 
that a smell was evident; or it is a response to the teacher* s preceding 
statement, to the effect that another sense is "sense of smell.** If the 
latter is the case, and the response was prompted by the teacher*s statement, 
then the student could be providing ne^ information^ which would suggest 
that the teacher*s statement is an Insight Model cuei Alternatively » the 
student could be recalling information given in a prior lesson, which would 
imply that this section is more accurately described as Impression Iiodel 
teaching. The presence of other recognizable features would facilitate solu- 
tion of this problem. As it is, the analytical scheme in its present form 
cannot be used to solve the dilemma satisfactorily. The present analysis 
ij? insufficient here. 

The analysis on page A36 demonstrates the difficulty in determining 
what may be taken legitimately to constitute the provision of evidence. 
Some quantification within the analytical scheme might be of help, but it 
Is unlikely that statements referring to experience can be quantified both 
meaningfully and comprehensively. In this part of the discourse, the prob- 
lem is one of establishing the sufficiency of the mention of Sunlight soap 
(L. 15) as constituting evidence^ and of determining the probability that 
the referenced phenomena are visible or potentially visible to the students. 
If this were established, one could then determine whether this reference 
constitutes the provision of evidence. The response of one student (LL.17-18 
Ip.A36l) cannot be interpreted as acknowledging familiarity for the whole 
class. Neither does an acknowledgment of familiarity with the soap guaran- 
tee that the student Is familiar with the drylng^^out of the soap. To look 
at a bar of soap Is not necessarily to observe the bar drying and becoming 
hard; this requires that observations be made at appropriate times and 
under appropriate conditions- 
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A similar problem occurs In the analysis of an earlier portion of the 
saae lesson. On page A32 (LL. 14-20} the teacher makes a reference to some 
physical characteristics of Ice. Again, the phenomena ref^red to are prob- 
ably within the experience of the students. But without polling the class 
it is not possible to assert that the reference constitutes evidence for all 
of the students. 

In both these instances, the students are obliged to rely upon the 
reported observations of the teacher. Ihus one could state that this is 
tihe provision of evidence from ^utihority. Unfortunately, this would require 
the writer to assert tihat the students regard the teacher as an authority 
in the knowledgeable sense, and not in the sense of one having the power to 
influence thought, opinion, or action. It is not possible to detect which 
is the case. The analytical scheme is deficient in these and similar 
instances. 

Ihus the analytical scheme has been used with some success. But the 
discussions above illustrate that it is unsatisfactory in the analysis of 
some portions of the lessons. Some of the problems might be minimized by 
developing a more detailed analytical framework from which the scheme could 
be derived. Such a framework would have to incorporate at least a more 
thorough analysis of what constitutes evidence. 

Implications and Consequences of the Use of the Models 
At this point it is possible to take note of a few implications and 
consequences which are derived from the theoretical considerations of pre- 
vious chapters, and from the analyzed lessons. The evidence is limited, as 
is characteristic of a case study. 

Mention has already been made that the Impression and Insight Models 
do not represent science accurately. The misrepresentation of science was 
associated with the teaching of a paradigm without indicating the nature of 
the paradigm. This omission has possible implications. Within the analyti- 
cal scheme, misrepresentations of science are described as "the presentation 
of postulated entities as observable entities'* and "the presentation of 
inferences as reports of observable phenomena." Such misrepresentations 
are exemplified by statements in the analyzed lessons — for instance: "The 
fluoride ion has one more electron than protons . . (LL.6-7 [p.A5]), and 
. . the atoms • . . have formed new and different partnerships" (LL. 32-33 
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[p.A32]). These statements have forms similar to those of statements 
describing phenomena, such as: *'Thls car has two more pJ'^toas than Wheels** 
and *'The artist formed new and different designs.** The accuracy of the 
second two statements could be determined by direct observation. Presumably, 
the accuracy of the first two statements could be determinable in the same 
way since they have similar forms; this implies that the entitles referred 
to are observable. But ions, electrons, protons, and atoms are not observ- 
able, for their existence is postulated only. If students are provided wlth^ 
such statements alone, they might believe that the entities are observable. 
Consequently, there would be no logical grounds for questioning their use 
£s explanations of states-of-af fairs. 

There appear to be at least two further Implications of misrepresenting 
science in this First, it could result^^ji an incomprehensible contra- 

diction. For Instance, a student migjit be told that llg^t consists of par- 
ticles, then he might be told that llsJtt consists of waves. If he is not 
assisted in the resolution of this contradiction, he would be obliged to 
mistrust his experiences or the experiences of others. The app^^rent contra- 
diction is reconciled if the statements are rewritten so that the distinc- 
tion between postulated and observable entitles is explicit, thus: **Certaln 
behaviors of light ma^ be explained by considering it to consist of particles 
(waves).** In this way the student has provision for understanding that the 
phenomena are not disputed, but that the explanations of the phenomena are 
disputable. 

The second implication refers to the way in which misrepresentation of 
science could distort the history of science. If a student is taught that 
some atoms are capable of undergoing fission when previously he learned 
Dalton*s atomic theory, then he is given grounds for doubting Dalton*s 
Intellectual competence. It seems Important for students to understand 
that Dalton developed, an explanation which was satisfactory for the phenomena 
he observed^ and that more phenomena are observed now, which require differ^ 
ent or more complex explanations^ Since the teaching of science by the 
Rule Model is associated with an accurate presentation of science, the 
teacher would not be responsible for this type of distortion. 

Significant implications of using the models may be derived from the 
ways in which teachers permit students to respond. It has been found in 
this study that the Impression Model provides for no overt response other 
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than the recall of Information. According to Ute Insigtit i!odel, students 
respond In ways determined by teachers* cues. In neither of these models 
are students permitted to question Imparted Information. An attribute of 
the Rule Model Is the provision made for students to make judgments, and 
for their judgments to be respected. Teaching according to this model per^ 
mlts students to question the accuracy of Information they are given. 

TWO examples are Included here to Illustrate differences In the ways 
students are permitted to respond. The different reactions of teachers to 
student questioning are partly responsible for the Identification of these 
portions of the lessons as representative of different models. 

The first example conoences with the objection raised by Julie (L42 
[p.A30l). Here she Is questioning the attributes of chemical and physical 
changes; and she Implies that the points made by the teacher are not exclu- 
sive. Her objection Is honored, and the teaclier performs a demonstration 
which yields further evidence. This section Is Identified as Rule Model 
teaching. 

The first example Is to be compared with the second, In which a student 
attempts to answer a question concerning which substance tnay be used to re- 
duce iodine. In this episode (L.30 [p.A17] to L.37 [p.A18l), the student 
provides an answer which is rejected by the teacher. The student provides 
reasoning to support his answer; but the teacher f^lls to justify its rejec-* 
tlon. Finally, the student is Interrupted hy the teacher's irrational asser- 
tion (L.27 [p.A18l). This episode is identified as Impression Model teaching. 

Scheffler points out that the Rule Model makes provision for certain 

risJtts of students to be respected. He states: 

What is In point here is simply the autonomy of the student's judgment, 
his right to seek reasons in support of claims upon his credibilities 
and loyalties, and his correlative obligation to deal with such reasons 
in a principled manner.^ 

Determining whether ot not these rights should be respected requires consid- 
eration of philosophical Issues which are outside the scope of this paper. 

Some Concluding Remarks 
The two analyzed science lessons Illustrate that the concept of teaching 
has at least three distinct manift^stations, which are described by the three 

^Scheffler, *'Phllosophlcal Models ,** p. 141. 
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philosophical models* In the two lessons the students are undergoing 
experiences which are different apart froat the material being presented and 
Its different levels of conceptual complexity* The study has enabled some 
of these differences to be documented* There are differences in presenta- 
tions of science » in permitted intellectual response^ and in support pro- 
vided for the teachers* assertions* However^ there is no doubt that both 

Teacher W and Teacher X are engaged in some form of teaching* 

* 

Teaching according to alternative models seems to have consequences 
other than the information which students are to learn* There appears to 
be a need for some method whereby these consequences could be documented 
more precisely* Prior to thls» some revision of the analytical scheme in 
the present paper ml^t assist in the elimination of some of the problems 
noted in its use* Then the study could be used as a component of teacher 
education, so that teachers-in- training might be alerted to different philo- 
sophical models of teaching, and to some of the consequences of their use* 
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TEACHER W LESSON 1 



GKADE 13. CHEHISm (FIVE-YE&R STREAM) 



Teacher: Let^s take a look at 
problems one to six. Number 
one. Does anybody have the 
answer, or If nobody has the 
5 answer does anybody have a 
problem? (Pause ^students 
opening books » etc.) "if 
youVe going to write the 
electronic configuration 
10 for the fluoride Ion, tteon 
and the sodium lon» what 
will they look like? 

Student: 2s2 2p^? 

Teacher: 2s^ 2p^ weWe had 
15 before that ... 

Student: Ohl Is^ . . . 

Teacher: Is^ 2s^ 2p5. And 
what will that be? 

Student: Fluorine? 

,20 Teacher: That would be the 
fluorine atom» eh? And so 
the fluoride Ion? ^(There Is 
a pause — a few Indistinguish- 
able mumblings.) 

25 Student: Six. 

Teacher : Six . Neon? Lois, 
since youVe doing so well. 

Lois: It will be . . . er . . . 
Is^ . . . 2s^ . . . 2p^? 



Episode 1 . IX.l^ (p.A3): INSIGHT, 
with an exception which Is noted. The 
representations of electronic structure 
are postulatlons derived from certain 
abstract principles, e.g. Schrodlnger 
Equation^ Aufbau Principle^ and Paull 
Exclusion Principle. The relationship 
of those representations to states-of* 
affairs Is not explicated; neither Is 
there provision In this lesson for 
these representations to be justified 
as suitable representations of states- 
of-affalrs. At this pointy there Is 
no means for determining If such pro- 
vision was made in a previous lesson. 

In this eplsode^ the students use the 
logical-analytic procedures which ^re 
prescribed by the above-mentioned 
principles, and determine the struc- 
tural representations of the Ions. 

LL. 13-18: The Incorrect responses 
suggest t^iat the relationship of the 
postulated species to the structural 
representations Is not fully understood. 

L.20: The teacher continues to ask 
for the structural representation of 
the Ions and atoms. At this point he 
has no'ii emphasized the procedure by 
which the students could determine the 
representation of the Ion by kTiOwlng 
that of the atom. This may have been 
emphasized In a prior lesson. 

Lols^ response suggests that the logical- 
analytic procedure Is not fully understood 



30 Teacher: Just neon — not the 
neon positive Ion. 

Lois: Uh • • • just a six. 

Teacher: And finally sodium? 
Oscar? 

35 Oscar: Uhm, ... be er, Is^ 

2s^ . . . er . . . 2p^f and er 
3s^. (Teacher writes these 



LL. 30-31: The teacher provides a cue 
which does not explicate the difference 
he apparently Intends to elicit. Lois* 
response may Imply that the procedure 
has been given In a prior lesson. 



Oscar gives the configuration for the 
atom, whereas In L.ll the teacher asked 
for the configuration for the lon« This 
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structures on the board.) 

Teachftr: • . . and 38^ for sodium^ 
so the sodium positive lon^ 
Oacar^ will be what? (Pause— 
5 a student says soi&ething.) 

Oscar *s definition is what we're 
after. 

Studenti We could just forget 
about the 3s^y and . . . 

10 Teacher: Okay. So» vfaat can you 
say then about these three 
species? TotQ? 

ToDi: Same electronic structure. 

Teacher: And what word» we 
IS haven *t used the word very 
much — ^just terminology^ but 
what word do you apply when 
three species of particles 
have the same number of elec- 
20 trons? It*s said to be What? 

Student: Iso-electronlc? 

Teacher: Yeh, so that^s just 
for information. Now. Then 
they ask you what would the 

25 three of chloride negative » 

argon » potassium positive, you 
can take a look at these and 
see if they follow the periodic 
table pages 17, 18, 19. And, 

30 er, bromide, krypton, and 

rubidium positive. Now how do 
their configurations compare? 
(Pause — teacher calls on a 
student.) 

35 Student: They* 11 be the same? 

Teacher: The same, and again, 
what will be the only differ- 
ence between the fluoride ion, 
which is 2s^ 2p^, and the 
40 bromide ion? (Pause) The 
chloride— the fluoride 
rather— is this what would 



may be the result of the tescher^s 
ambiguous question in L.33 p.A2. 
The teacher could mean either the 
sodium atom or the sodium ion. 



L.IO: The teacher requires the 
students to note^ the similarity 
of the derived s£tuctural repre- 
sentstions. Tom makes the desired 
connection; his response is to be 
termed INSIGHT response. 

. 

LL. 14-23: IMPRESSION. The recall 
of previously given information is 
typically associated with lUPItESSION 
teaching. 



L.24: INSIGHT continues. The same 
logical-analytic procedures are to 
be used, under the same conditions, 
to determine the structural repre- 
sentations of other postulated enti- 
ties. There is no empirical refer- 
ent, although this may have been 
given in a prior lesson. Nor is 
there any attempt to distinguish the 
postulated entities from observable 
entities . 

L.35: This response is tentative. 
The teacher indicates that it is cor- 
rect, but provides no justification 
for its correctness. 

L.37: The teacher uses the word *'only.'* 
The difference which he appears to 
require is in the numbering of the 
*s* and *p* orbital representations. 
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be the chloride » as far as 
valence electrons? Chris? 

Chris; 3s^ 3p^» 

Teacher; 3p^* And the 
S bromide Ion? 

Student: 4s^ ■ 4p^. Or * . . 
Yeh» that's right. (Some 
students agree*) 

Teacher; Okay* That^s question 

10 number one. JSokf a question 
down there along the line 
someplace^ says: since these 
all have the same number of 
electrons^ then Why don*t they 

IS have the same sizes? And» we 
can take a look at the rela- 
tive sizes of fluoride lon» 
neon atom^ and the sodium Ion* 
So If you'll just take a look 

20 then. This Is the neutral 
fluorine atom^ this Is the 
fluoride lon» the neon atom^ 
neutral sodium atoia» and then 
the sodium positive one Ion* 

25 (The teacher Is pointing to 
a chart entitled "Relative 
. Sizes of Atoms and ions In 
the Periodic Table.") Now why 
does the sodium positive. one 

30 Ion differ from the neon atom» 
which again differs from the 
fluoride Ion? Ho Idea? Rick? 
(Rick makes some response.) 
Welly what was it? 

35 Rick; You're talking about the 
fluorine^ the neon» and the 
sodium . . . 

Teacher; Right. 

Rick; Um» fluorine has um» one 
40 less proton. than It does . . . 
fluorine negative has one 
less proton than electron; 
neon has the same number of 
protons » sodium has one 
'45 more. 
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Chris* response and the response In - 
L.6 Indicate that the students have 
understood the loglcal^analytlc.pro^ 
cedure. These responses are consld*^ 
ered as INSIGHT responses » for they 
demonstrate correct Interpretation 
of the cue (L.l**2)» and correct use 
of the logical-analytic procedure* 



Episode 2 . LL. 10-37 (p.A5); This 
episode t o L^ 5 is identified as 

insight: ^ 

There is no reference to the paradigm; 
thus the differences in sizes of the 
postulated entities are presented as 
observable phenomena. 

There is no explication of the infer- 
ences which lead to the determination 
of the sizes of the species. The stu* 
dents might assume from this portion 
of the dialogue that the sizes are 
measured directly. It is possible that 
the determination of the sizes has been 
discussed in a previous lesson* 

L*28; In this portion the teacher has 
provided no information from which the 
students may answer this question. 
This might explain Rick's statentent in 
L.35. ' Alsoy the question is similar to 
the one asked in L*37 p. A3. One might 
infer that the cueing is insufficient 
and consequently is misleading. The 
log ical^na lytic procedures for relating 
the variation of size to the position 
of the atom on the Periodic Table is not 
explicated in this section (IX. 10-34). 



Rick is either recalling information 
concerning the postulated structures 
of the species^ or he is working to- 
ward the solution of the question by 
first stating some differences. The 
teacher ^interrupts him» possibly be- 
cause Rick is not providing the intended 
* response concerning the variation in 
size. 



47 



A5 



Teacher: Number of protons In 
the nucleus Is 9» 10» 11; 
give off an electron In one 
case» gain an electron In the 
5 other case^ so in this case 

^he fluoride ion has one more 
electron than protons and so 
hence the hold lsn*t so great 
and they can spread out. And 

10 the sodium ion has one more 
proton than electrons » the 
pull is quite a bit greater 
so they come together. Now» 
that answers question number 

15 six. Question number five 
does anybody have? (Pause) 
The bond lengths of these 
four molecules. (Long pause.) 
Okay. So you have SiFi|, SiClii, 

20 SiBrt|» and Silt| and what about 
their bond lengths? 

Student: 1.88 for SiFt|. And» 
er, 1.71 for . . . 

Teacher: 1.71? 

25 Student: 2.15. 

Teacher: 2.15. They have to 
get larger. The covalent 
-radius is larger for the 
chlorine. 

30 Student: and» er» 2.30. 

Teacher: Is that right? 
(Student: Yeh) And the 
next one? 

Student: 2.49. 



LL.1-36: IMPRESSION. In this portion 
the teacher provides the logical- 
analytic procedure for relating the 
inferred size of the species to its- 
postulated structure. The explanation 
for the variation in size is an in- 
stance of inferences of a paradigm 
being presented as reports of observ- 
""able phenomena with no explicit refer^ 
ence to the paradigm. The students 
are not privileged to any substantia- 
tion for what the teacher asserts to 
be the case. 



IX. 22-25: The values have been cal- 
culated in a previous homework assign- 
ment. There Is an example of this 
type of calculation in the textbook. 
The example uses the carbon compounds 
of the halogens. This might explain . 
Lois* response in L.6 p.A6. 

L.26: The assertion of the teacher 

is the only source of support for 

this stateinent in the present dialogue. 



*35 Teacher: 2.49. Okay» you 
all see how they're done? 
Now» this is all they ask 
you to dOf but maybe we 
can do a little bit more. 

40 If you*re going to experiment 
to determine these things » 
then how would you predict^ 
if you can recall what we 
talked about the other day» 



LL. 35-36: One might infer some sig- 
nificance from the lack of response 
to this question; or it could simply 
be that the teacher does not allow 
time for the students to respond. 

Episode 3 . U.37-6 (p.A7): IMPRESSION. 



L.44: This statement indicates that 
the students are to recall information. 
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how would you predict they 
would correspond to the 
actual expftrimental bond 
lengths? (Long pause) 
5 Lois? 

Lois; They react quickly In 
the carbon, the last two — 
er— they're closer and the 
first one Is way offv because 
10 (Teacher; Okay) they had 
Ionic bonds. 

Teacher; Let's take a look. 
(He writes up some values.) 
The experimental bond lengths 

15 of these — er — so. Lois said 
that as you go down them, 
what you predicted would be 
that the difference would de- 
crease as you go down, or in- 

20 crease-^*or as you go down the 

group, eh, in the periodic table. 
And, we tried to explain it the 
other day. So, do we have an 
explanation for it today? Why 

25 fltiould the difference be greater 
with the fluoride, or the silicon 
fluoride rather, than the silicon 
iodide, just take the top and the 
bottom. (Long pause) Don't know 

30 why it's so difficult. Yes? 

Student; Because, there is more of 
an electron shift, because it is 
held closer together? 

Teacher; Right. This is . . . 

35 Student; Because, there's stronger 
bonding in the ... ^ 

Teacher; The ionic nature Increases 
as you go up here eh? And there's 
more ionic character of the bond, 

40 then the closer they are (Student; 
Yeah) or the further theyare away 
"then — the greater the strength 
of the bond, then the closer 
they are, and the further they 

45 are from the calculated values. 



Bonds are postulated entities; here 
they are presented as something real 
or "actual"; there is no reference to 
the paradlgEt which permits this. No 
attempt is ma3e to explsln the Infer^ 
ences used in the determination of 
%ond lengths." This iKay have been 
discussed in a previous lesson. The 
question asked of Lois is for recall; 
thus it is recognized as av 'IHPRESSIOK 
question. Lois* response is unclear. 
She may be referring to the example 
cited in her textbook. This has been 
suggested in the analysis opposite 
L.21 p.A5. (The values of bond lengths 
are reproduced on p.A7.) 

Both sets of data are derived from a 
numbed of Inferences which are not 
explicated here. The teacher presents 
the experimental values as if they are 
direct observations of states~of- 
affairs. This implies that the bonds 
may be seen and that their lengths may 
be measured. 

L.23; The question appears to be one 
which elicits the recall of an explana- 
tion given previously; therefore it is 
an IHFRESSIQK question. 



L.31; The student refers to an explana- 
tion as a report of an observable phe- 
nomenon. The use of ^^It" is ambiguous, 
referring to the flubrlde or the iodide. 
L.34; The teacher condones the ambigu- 
ity of ''it.** 

L.35; The student is not permitted to 
complete his recall of information. 

LL. 37-45; JIPRESSIOK. The teacher's 
explanation is based on the postulates 
**ionlc character^' and "bond strength*" 
These are not distinguished from 
observable entitles; neither does the 
teacher explicate the arguments which 
connect the two postulated entitles. 
From L.22 one .could infer that this has 
been covered in a previous lesson. 
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Right? 

(Oa the board: 
SlBrv 



calculated 
1.88 
2.15 
2.30 
2.49 



Now really^ I*m serious^ 
I hope that you people 
get going for the next 

10 chapters^ nineteen and 

twenty. Because^ If not» 
you may not wrlte^ but 
^ you*re going to end up 

with fifty-eight .per cent 

15 Instead of What you should, 
be gettlpg. So» anyway» 
let*s go on to section tWo^ 
and I thlnk» we can best do 
this by looking up appendix 

20 three^ — the oxidation poten- 
tials» for one molar concen** 
tratlons. (Long pause) As 
a starting pointy will you 
find the four halogens' oxl- 

25 datlon reactions* and give 
me them In order of their 
£^ values. Which is the 
first one you come to on 
this list? That^s the stan- 

30 dard oxidation potentials — 
appendix three. Judy? 

Judy; Iodine. 

Teacher: So> the first one 
you have Is the Iodide Ion 

35 going to iodine. Then» way 
over on the other page* down 
near the bottom we have 
bromide going to bromine; 
right below that fluoride 

40 going to fluorine. (He 

writes the ha If -equations 
on the board.) These are 



experimental 
1.59 
2.01 
2.15 
^ 2.43) 

(LL.7-16: These statements are identified 
as Group 2 statements. A student who at~ 
tains satisfactory standing In the first 
two terms may be exempted from writing the 
final examination. In these cases the ^ 
yearns marlc is partly dependent on the 
student's classwork In the third term. 
This lesson occurred in the third term.) 

Episode 4 . LL.16^. (p.A8): IMPRESSION. 
The students are to read the table and 
identify the position of the halogens In 
'the table. In this lesson ^there Is no 
attempt to relate the data (E^ values) 
to states"of-affalrs. It is implied that 
the equations truthfully represent states- 
of-affalrs. There Is no explication of 
the logical procedures which are used to 
construct these representations* and by 
which they are found to be useful. 



L.32: Judy Identifies the position of 
iodine in the table. This Is to be con* 
sldered as an IHPFJSSSIOH response* for 
she is relating information which Is 
available In^ the table. 



The pertinent parts of this appendix are reproduced on p.A22. 
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the values: for iodlne» 
-*.53 volts; for fluorine, 
*2.87 volts; for bromine, 
-1.06 volts; and vhat*s 
5 chlorine? 



Studmt: -1.36. 

Teacher: (Writes the values on 
the board.) Now, looking at 
these things we should be able to 
10 talk about theirelative oxidising 
strengths then, of the halogens. 
And what can you tell ne about 
the relative oxidizing strengths - 
of these various halogens? June? 

IS June: They*re increasing as you 
go down. 

Teacher: This Increases as you 
go down. Now, what would you 
say about fluorine? Hark? 

20 Hark: It*s the strongest oxidiz- 
ing agent. 

-Teacher: , It*B the strongest. Can 
you find anything on this table 
which could^reduce the fluoride 
25 ion to fluorine? Could you try 
to pick out something for me 
which will reduce fluoride to 
fluorine? (A student remarks.) 
Pardon? 

30 Student : Anything . 

Teacher: AiQ^thing? If fluoride 
ion can be oxidized to fluorine 
by anything . . . 

Student: Oh I Wait now . . . 
35 (some ccnnment) 

Teacher: lt*s at ttie bottom of 
the list, and therefore as 
far as the list is concerned, 
and this is all we^re concerned 
40 with, this is pretty universal 
^ anyway, er . . . the fluoride ion 
cannot be oxidized to fluorine. 



L.6: This information is related 
from the table. This response is 
termed an IMPRESSION response. 

-Episode 5 . LL.8-9 Cp.A9): INSIGHT. 
The intentions ot this episode appear 
to be first, establishing a relation-* 
ship between **relative oxidizing 
strength** and the position of the 
species in the table; second, determin- 
ing which species oxidizes which other 
species, according to their relative 
positions in the table. ^The postulated 
entitles used in this episode are al** 
ways presented as observable entities. 

Hark*s response is recognized as an t 
IMPRESSION response. The information 
he provides is clearly stated In the 
table. 

LL. 22-28: These questions require the 
students to use a logical-analytic pro- 
cedure which is not explicated here^- 
that is, how the table might be used 
to find a species which will reduce the 
fluoride ion. INSIGHT appears to be 
intended; but the cueing is minimal. 



L.30: The student*s response is incor- 
rect. At this point the teacher does 
not explicate the logic al^^na lytic pro- 
cedure which he wishes the students to 
use. 



LL.36-9 p.A9: The.teacheiT eicpllcates 
the logical-analytic procedure to be 
used, he uses one example to show that 
substances will oxidize those that ap- 
pear above them in the table. It is 
useful to note that the teacher is begin- 
ning to stress the importance of position 
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according to any substance on 
this list. We haven't found 
any substance on this list 
that Is a strong enough 
5 oxidizing agent to ozldlze 

fluoride to fluorine. So we 
have» In the case of rluo* 
^^^^^ rlne» we have the strongest 
oxidizing agent. Vhat would 
10 you say about the relative 
strengths of chlorine and 
bromine ? (Pause » teacher 
names a student.) 

Student; Er» chlorine Is a 
15 nuch stronger - er» than» 
er» bromine. 

Teacher; Well» I don^t know. 
We^re talking about oxidizing 
as concerned » would you say 
20 It's much stronger? 

Student: No It's . . . er . . . 
more» yes» pretty strong. 

Tocher; Ju8t qualitatively^ 
forgetting about values^ 

25 as you look at the table» 
the positions of fluorine^ 
chlorine* and bromine* what 
would you say about them? 
Fluorine Is the strongest 

30 oxidizing agent. Carol? 
What would you say about 
chlorine and bromine just 
qualitatively* you don't 
have to say . . . 

35 Carol; Well* they're less 

of an oxidizing agent than 
fluorine. 

Teacher; And? 

Carol; Well* therefore, there's 
40 going to be more oxidizing 
than by . . . 

Teacher; The negative Ion 
Is going to be more easily 



In the table* without reference to the 
specific values. values are 
measures of the postulated oxidizing 
strength* and are compared to that of 
hydrogen. Hence* the rank order of 
the species is of little importance. 

Episode 6 . LL.9-8 (p.All); INSIGHT. 
This episode is characterized by the 
presentation postulated entitles as 
observable entitles or phenomena. The 
teacher uses cues to eUclt information 
from the students. The Intent appears 
to be that the students understand the 
use of the table. The teacher relies 
on the rank order of the species in the 
table; thus the cueing may be judged 
Irrelevant. 

L.15; The response 'Wch stronger*' can- 
not be judged correct or Incorrect with- 
out reference to specific £^ values. 
L.17: The teacher indicates that the 
previous response was Incorrect. 

LL. 23-28: It Is meaningless to forget 
about the values* and attempt to 
qualify the oxidizing strengths. The 
cueing may be judged Irrelevant; in 
addition* there are no procedures which 
would precisely determine which descrip- 
tion is most appropriate. 



Carol responds correctly. She appears 
to be using the loglcal-ana lytic proce- 
dure involving rank order in the table. 

L.38; The response intended by this 
question is unclear. Carol appears to 
be rewording her original response. 

LL.42-1 p.AlO; This reference to a 
negative ion is ambiguous; the negative 
ions of all the species are provided 
in the table. 
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oxidized. Just qualitatively* 
what would yOTi say about the 
oxidizing strengths or capa- 
bilities? Just fron the 
5 table* Judy? 

Judy: You could say they're 
pref:ty much the same. 

Teacher: And what relation to 

other substances? (Calls on 

10 a student.) 
. 

Student: They oxidize just 
about everything. 

Teacher: So> therefore* what 
would you say about them? 

15 Student: Well* they're very 
strong . . . 

Teacher: Very strong. Okay. 
What about Iodine? What 
would* you say about Iodine? 
20 Where Is It on the table? 
Where? 

Student: It's about half- 
way between the zero point 
of H2 and the bromine. 

25 Teacher: Suppose you say 

about Its probable oxidizing 
strength . . . 

Student: Well» (unclear) 
It's . . . 

30 Teacher: According to everything 
else» It's the weakest oxidizer 
of these halogens » but relative 
though to these others . . . 

Student: Well It's very good. 

35 Teacher: Very good? Okay. 

What might you say» \rtiat word 
are we going to use? 

Student: Medium? 

53 



IL.1*A: This cue nay be judged 
Irrelevant because £^ values are 
not expressible In qualitative 
terns. 



Judy's response appears to be an 
INSIGHT response. She Is using the 
logical procedure concerning the 
position of species In the table. 
In fact» £^ values peroilt one to 
distinguish between the relative 
oxidizing strengths of broalne and 
chlorine. 

L.ll: This response Is recognized as 
an INSIGHT response. It uses a logi- 
cal procedure which was developed 
earlier* on p.A9. 



L.17: Earlier (L.8 p.A9) fluorine 
was described as the strongest oxidiz- 
ing agent. The £^ values Indicate 
that the strength of fluorine Is twice 
that of bromine, the question concern- 
ing Iodine Is a further example of a 
cue which may be judged Irrelevant. 
L.22: It appears that this student Is 
using £^ values. 

LL. 25-38: In this portion the students 
are to find a word to qualitatively 
describe the ox:fdlzlng strength of 
iodine. There Is no provision of a 
logical procedure by which the students 
could find the word that the teacher 
requires. Consequently* the responses 
of the students may be considered as 
guesses . 



L.34: With the Information available 
to the students » this response Is valid. 
L.35: The teacher acknowledges the re- 
sponse but It does not appear to be the 
one he requires. No logical procedure 
Is offered. 

L.38: This response appea-^ ^ to be valid. 
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Teacher: Medium or moderate 
agent. Because^ really it*s 
not all that far fron half-* 
way in that table» yhen you 
5 get to it. It*s above some 
metala — not very many— but 
above some. It*& a moderate 
oxidizing agents vhat about: 
the iodide ion? Iodine is 
10 a moderate oxidizing agent 
. . . the iodide ion» vbst 
vould you say about it? 

Student: Would it be a moder-* 
ate reducing agent? 

15 Teacher: Would you pick out 

aomething that vould oxidize 
the iodide ion? Anything 
that vould acidize the iodide 
ion . . . Craig? 

20 Craig: H^O^- 

Teacher: H202» vhere did you 
find that? 

Craig: Right undernc-.ith. 



L.l: The teacher aupplies the desired 
word. He ^uatifies ita use by virtue 
of the poaition of iodine in the table; 
he doea not refer to the £^ values. 
Consequently hia justification appeara 
arbitrary^ e.g. "not very many." 



Epiaode ? . LL.9-32 (p.A12): INSIGHT. 
In thia episode the studenta uae a 
logical^nalytic procedure which re- 
latea oxidation and reduction to the 
rank order of apecies in the table. 
L.13: Thia response suggests that the 
atudenta' are familiav with the logical 
procedure Which flnda oxidation to be 
the reverse of reduction. 
L.15: This cue aeems to intend that 
the atudents use the logical-analytic 
procedure concerning position of the 
species in the table. 

Craig may be basing his response on 
experience. Hydrogen peroxide is Imovn 
as an oxidizing agents and one needs 
to Icnow nothing about to say so. 



Teacher: Right underneath. 

25 Does everybody agree with 

that? (Pause) What's wrong 
with that answer? (Pause) 
First of ally is he looking 
in the right place? (Student: 

30 Oh.) Should he be looking 
below? Urn? Should he be 
looking below or above? 
(Calls on a student.) 



LL. 24-33: The teacher provides many 
cues for the students to correct Craig's 
error. The cues relate to the position 
of the species in the table. Logically^ 
there are only two possible an&uers to 
the question posed in LL. 31-32. For 
these two reasons the cueing might be 
judged irrelevant. 



Student: Above. 

•^35 Teacher: Why? 

Student: (Response unclear) 

Teacher: Yeah» that's right. 
But we're looking for 
something to oxidize the 
40 iodine. So he should be 
looking below. fiut» you 



L.34: One of the possible answei's is 
given. 

L.34: The teacher's response might be 
taken to imply that this answer was 
wrong. 

LL. 37-41: The teacher explicates the 
log ical^na lytic procedure that a species 
will be oxidized by those appearing 
below it in the table. 
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just don't look below. 



L.l: This cue has only one response. 



Student: But on the othfir 
aide of the table. 

Teacher: Should be looking 
5 on the other slde» because 

the reaction that is shown 
here is the oxidation ot' 
hydrogen peroxide; so what 
should you use then? If 
10 you're going to use that 

example? 3:ick? 

Rick: gaseous plus 2H. 

Teacher:' Which is what? 
Oxygen and what? 

15 Rick: And acid * 

Teacher: ' In acid solution^ 
okay. What else' might you 
use? Welly you've got the 
whole table now. Shirley? 

20 Shirley: Mercury? 

Teacher: Mercury; positive two 
ion» eh? It would be the ion. 
All rights what would you use 
to reduce iodltie? (Pause) 
25 What would you use to reduce 

iodine? Could do this (un* 
clear) in yotir sleep. 
Alfred? 

Alfred: Copper. 

\ 30 Teacher: Copper; or any of the 
metals above the 12/iodide 
half reaction. Now» the 
point though^ the main point 
of this chapter is that 

35 iodine is a moderate reducing 

agent or moderate oxidizing 
agent* The iodide ion is a 
moderate reducing agents and 
hence there are loany substances 

40 which can oxidize the iodide 
ion» and there are many 



L.2 Spatially » this is the only re- 
maining possibility. Thus one cannot 
infer that the response indicates an 
understanding of the logical procedure. 

LL.4-8: The teacher assumes that the 
above response implies an understanding. 

L.12: Rick reverses the equation given 
in the appendix. This indicates that he 
knows it must be reversed; but he may not 
know why. The logical-analytic procedure 
explaining this has not been given. 

L.13: This question appears to be for 

recall. The teacher assumes that the 

symbols adequately represent states-of- 

af fairs. This may have been demonstrated 
in a previous lesson. 



LL.18"19: The logical-analytic procedure 
for using the table is now stated^ with- 
out reference to £^ values. Neither is 
it emphasized that the species must have 
an E** less than that of iodine. The cue- 
ing might be judged irrelevant. This 
might explain why Shirley suggests 'Mer- 
cury" instead of the *'ion of mercury." 

LL. 25-32: The provision of a further cue 
enables Alfred to respond correctly. 
In L.30 the teacher finally details 
the logical -analytic procedure which he 
has been deriving with the students. 



Episode 8 . U.32-9 Cp.Al4): IMPRESSION. 
In this episode there are some features of 
Rule Model teaching. The justification 
for denoting the episode as IMPRESSION is 
detailed below. The teacher is promoting 
the use of iodine in quantitative analy- 
sis; he justifies its use in two ways* 
Firsts iodine may be considered as both a 
moderate reducing agent and as a moderate 
oxidizing agent. Second » the presence of 
free iodine is readily detectable* The 
previous part of the lesson was to 
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substances which can reduce 
the Iodine molecules to Iodide. 
And so you etwi up with a very " 
useful tool or operation In 
S quantitative analysis » called 

lodimetry; and this Is just 
based on the fact that the Io- 
dide Ion Is oxidised moderately^ 
or by (pilte a few substances » 

10 and the Iodine molecule Is 

reduced by several substa;ices. 
If It were just for this fact 
alone» then this would be noth- 
ing special. What do you know 

IS about Iodine? How^can you 

detect It? This Is for the ^ 
biologists. Hotf do you detect 
the presence of Iodine? In 
biology you use It the other 

20 way round. 

Student: Um» use starch? 

Teacher; Use starch Indicator » 
lt*s a very, very sensitive 
Indicator either one way or 

25 the other. It*s a very 

sensitive Indicator In the 
presence of starch, very low 
quantities. Or If you use 
starch as the Indicator, It 

30 shows the presence of Iodine 

In very staall quantities. So 
this Is one reason you can 
very easily see or detect 
the presence of Iodine. And, 

35 we are going to try to go 

through a little quantitative 
analysis here, just to see, 
so you can see vhat we mean. 
But anyway, this Is one 

40 reason why you use this fact 

that Iodide Is easily oxidized. 
Iodine Is readily reduced, 
because we can detect » we 
can oxidize the Iodide to 

45 Iodine and we can detect 

the presence pretty easily. 
And also, there aren^t very 
many side reactions, quite 
often you will try to do 



establish the first reason, it Is dis- 
putable whether or not this Is satis- 
factorily established; no empirical 
referents were provided; and the logical- 
analytic procedures leading to this 
determination were based on the rank 
order of species In the table, not on 
their values. (The latter has been 
discussed In the analysis on p.AS.) 

L.2: The teacher implies that the pro- 
cess named reduction actually occurs to 
the postulated Iodine molecules. A sim- 
ilar misrepresentation of a postulated 
entity as an, observable entity Is evl-^ 
dent In LL.8-11. 

L.16; The teacher Introduces an en^lr- 
leal referent* This phenomenon Is com- 
mon; thus one may judge that It has 
potential visibility to the students If 
they have not previously observed It. 

L.21; This response appears to be a 
recall of previous Information; this Is 
termed an IHPKESSIOH response. 



LL«35-38; From the remainder of the les- 
son It will be seen that to "go through" 
means using half-equation representations 
of what Is said to occur. It does not 
mean that any observable phenomena will 
be demonstrated. 



LL.47-"48: The students have no means of 
knowing whether or not there are few side 
reactions. This justification for using 
Iodine reMes solely upon the teacher *s 
authority. 
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something and something else 
will occur. In the case of 
this half-reaction of the 
Iodide Ion and going to 
5 Iodine^ we can probably 

control the hydrogen Ion 
concentration fairly well» 
since there aren*t any side 
reactions. So» we*ll just go 

10 through a little experiment 

here Which you will do one 
very similar to ^en you get 
to university, If you get there, 
and you take chemistry (moans) 

IS when you do get there. If 

you take a further chemistry 
course, you*ll probably run 
Into this. Vhat you may 
wish to do Is to find the 

20 - amount of Iron In a sample. 

They may have Iron (pause), 
a certain amount taken, or 
this Is Iron ore for the 
sake of example. Anyway ^ 

25 suppose you have a certain 

amount of Iron, Which youM 
like to find or an ore 
which you*d like to find 
the per cent of Iron In It. 

30 I*m going to give you the 

first atep. You might, first 
of all, change metallic Iron, 
Into ferric Ion. And once 
we*ve done this we*re going 

35 to try to see What ve can do. 

Now, the point Is you*re doing 
a quantitative analysis to 
find the amount of Iron In 
this sample of ore. If we 

40 then take Iron and put Into 

a solution, say ferric, to 
make It Into the ferric Ion, 
I would like you to see how 
we could Introduce this half- 

45 reaction to either convert 

the Iodide Ion to Iodine or 
the Iodine to Iodide Ion. Okay, 
If you had ferric Ion, this 
Is really all I*m asking. If 

5U you had the ferric Ion and 

you would like to use that 



LL.5-7; The teacher impllea that a poatu- 
lated entity may be subjected to phyalcal 
manipulation. This would be legitimate 
If the i^radlgm were referenced* 

LL.8-9; The teacher now aaaerts that 
there are no. side reactions. 

To conclude, despite the presence of ju8^ 
tlflcatlons for the use of Iodine, the 
justifications per ae and the failures to 
distinguish between postulated and observ* 
able entitles, are considered aufflclent 
evid^ce for describing the^ episode to be 
IMPRESSION. In addition, the only parti- 
cipation by the students Is the recall 
of Information. 

Episode 9 . LL. 18-23 (p.A16): INSIGHT. 
Apparently this episode Is Intended to 
demonstrate the tise of Iodine In quantl*^ 
tatlve analysis. To do this, the teacher 
relies on some of the loglcal*analy tic 
procedures which have been used prevl* 
otisly In this lesson. 

LL. 25-29: The teacher provides the prob^ 
lem situation. In this episode the 
teacher does not jtistlty his use of half- 
equations. It may be that their use as 
representations of states-of-af fairs has 
been Introduced In a previous lesson. 



L.42: The'' teacher implies that the postu* 
lated entitles are actually made oy some 
physical process of solution. 

L.45; The teacher Implies that an abstract 
representation may have a physical effect 
which results In the conversion of one 
postulated entity Into another. As noted 
opposite L.6, both of the references to 
physical effe would be legitimate If 
the paradigm were mentioned. 
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iodldtt/iodlM «quilibritm 0«t-up 
to product one, given the other » 
which one would you start out 
with? WouXd you add iodine to 
5 thl«» or would you add iodide 

ions? Mark? 

Mark: ^Iodine. 

Teacher : tJhy? 

Mark: Well It, because • . • 
10 er . . . you've iodine * * * 

Teacher: With the species we 
havtt • • ^ 

Hark: Yeh» rights and that's 
positive^ so your iodine is 
15 going to be negative^ ris^t? 

Teacher: Iodine or iodide? 

Mark: ' Iodide ion. 

Teacher: Iodide ion. Now it's 
not just because it's positive 

20 or negative^ really* What you 
have to look for is the rela- 
tive oxidizing or reducing 
strengths of these* Where is 
this species found on the table 

25 with respect to the other? 

Mark: Well» it's found above it» 
that*s why the . . . oh» I 
mean below it. 

Teacher: It's found below 
30 it. 

Mark: It*s found below it» be- 
cause the stronger oxidizing . • • 

Teacher: Okay^ good. 

Mark: That's why you need the 
35 iodine. 

Teacher: Ris^t. So if you*re going 
to use this half reaction • • • 
it*§ not very clear yet but I 



LL.4-6: This question ttsy be judged as 
cueing. Mark is required to provide the 
answer by using the logical*analytic pro- 
cedures i^ich have been established pre- 
viously* These procedures are those 
which determine which species, are said 
to be oxidised by other ^species. This 
information may be obtaiiaed from the 
table of values. ^ 

L.7: Mark reverses this response In L*17» 
possibly as a result of the teacher's 
question In L.16. Alternatively^ the 
reversal couXd be the result of Mark*s 
explanation In IX. 13*15* (The iodide ion 
is negative.) 

Mark*s explanation is legitimate in that 
he appears to have accepted the problem 
situation as given. That is» knowing* 
that the ferrip ion and the iodine half- 
reaction are involved^ Mark may have 
realized that either something happens 
or nothing happens. He might guess that 
the teacher would not use an example in 
which nothing happens for this would be 
irrelevant. According to the half- 
equation in the appendix the ferric ion 
becomes the ferrous ion. This is shown 
to be the result of gaining an electron; 
and the electron could be provided by 
the negative iodide ion. 



L.34; Mark appears to be telling the 
teacher that the position procedure 
justifies the use of the iodine half- 
reaction; but it does not indicate which 
way around it should be used» for this 
may be determined otherwise. Conse- 
quently one mis^t judge the teacher *s 
cueing as irrelevant in this section. 

LL.38-3 P.A16: One might infer this 
comment as supporting the- claim of ir^ 
relevant cueing. 
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hope It will be In the 
end when we look back 
over it ... If you^re 
going to use that half- 
5 reaction sonehow^ the only 

way you can use It Is to 
add Iodide lon» eh? So» 
then you might add some 
Iodide Ion In the form of 

10 ' potassium Iodide or what- 
ever the solution^ and now 
you have set up the condl- 
, tlon where you have ferric 
ion and Iodide Ion; and 

15 what^s going to happen? 

Student: they^re going to 
come to equilibrium. 

Tsacher: And what are you 
going to have at the end 
20 of the line? 

Student: You^re going to have 
. . . er . . . Iodine » and 
. . . ar . . . ferrous ion. 



U,.3-7: The teacher appears to be 
reverslpg his position. On the pre- 
vious page he argued that the position 
of the iodine half-reaction in the 
table indicated that iodide ions 
should be used. Now he fiuggest's ^ 
that there is only one way to use 
this half-reaction. He does not 
substantiate his assertion in L.6 by 
reference to the theory describing 
oxidation as electron transfer. 



L. 16: the response could have been» 
"The ferric ion is oxidized.^ Hence» 
the cue in L.15 is ambiguous. 

LL. 18-20: that ls» on the right hand 
side of the equation which the teacher 
is writing on the blackboard. 



25 



30 



35 



40 



Teacher: (Writes equation) 
Okay. Now can anybody bal- 
ance that real fast for me? 
Start off by putting 2 in 
there. (Suggestions from 
students.) We need two of 
these because you have to 
balance charges as well 
as atoms » eh? So the elec- 
trons gained an^ lost are 
the same. (Equation i:eads: 



2 Fe 



+3 



2 I- . 2 Fe+2 + I2) 



What would you do then if 
you added starch solution 
here then? What would you 
observe^ If you add starch 
solution? 

Student: the iodine would 
turn . . . urn . . . into 
a brown shade. 

Teacher; In iodine? What 



IX. 24-35: Presumably the procedures 
for balancing ch^lcal equations have 
been explicated in a previous lesson. 
Here there is no attempt to justify 
the use of these symbols as representa- 
tions of states-of-af fairs. 



Episode 10 . LL. 36-29 (p.A17): IMPRESSION, 
the questions in this episode seem to 
Intend recall of information. 

LL. 38-40: there is an assumption here 
that I2 represents iodine in this solution. 

LL. 41-43: the student could mean the 
brown color of iodine solutions, the 
Intended response may be recognized as 
a recall of information. thus» it is 
to be termed an IMPRESSION response. 
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happens? You get that dark, 
midnight blue, almost black, 
blue-black color when Iodine 
Is present with starch. 
5 Have you never seen that 

before? If you add starch 
Indicator to this you get 
a very dark, almost black, 
solution. Will that tell 

10 you how much Iodine you 

have? Now what do you use, 
this Is a process you haven^t 
used much, but what do you 
use to qualitatively find 

15 the number of moles In one 

solution? What process 
that will operate . . . 

Student i Titration. 

Teacher: Titration. So, what 
20 you might do then, you get 

this dark, midnight blue 
color with the starch test. 
If you could react this or 
titrate this with something 
25 that used up Iodine, then 

how would you know when you 
had just used It all up? 

Student! Color Is gone. 

Teacher: Very good. Mow, 
30 what would you choose to 
use It up? What type of 
substance would you choose 
CO use It up? 

Student! Wouldn^t you have 
35 to use something less than 

Iron, so that It doesn^t get 
reduced at the same time? 

Teacher: Well, no. l*m not 
doing this here, we take this 

40 away. (The f errous/ferrlc 

half-equation.) As far as 
the ferrous Ion, this Is not 
a problem anyway, the ferrous 
Ion Is not going to . . . It's 

45 going off away of these-* 



LL.l-4i The teacher provides an account 
of states-of affairs. His question in 
L.5 may be an attempt to gain support 
for his assertion. Alternatively, It 
could be a rhetorical question. 



L.lOi The students have not been given 
sufficient Information to answer this 
question here. However, the question 
could be rhetorical. 

L.15i The mole may have been defined 
In a previous lesson, it refers to the 
molecular vels^t of the species expressed 
In grams. 

L.lSi This response appears to be a 
recall of Information. Thus the response 
Is termed ah IMPRESSION response. 



L.25: This question Is recognized as 
an INSIGHT question, for It requires 
the students to relate what would occur 
If the Iodine were absent . 



Eplaode 11 . IL. 30-37 (p.A18)! In this 
episode a student challenges the teacher. 
From the following analysis one may 
Infer that the student^s objections 
are met with IMPRESSION responses. The 
analysis Includes representations to 
clarify the chonlsty of the arguments. 

L.30! That Is, to effect! 
I2 + e" — ► 21" 

L.34i The student refers to the table 

values and suggests that the following 
reaction must be prevented from occurring: 

L.38! In fact, the Per*'^ jjas been "used 
up" by the addition of Iodide Ions, as 
suggested In L.35 p.Al6. The teacher 
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the lodlne-*we're not very 
worried about this. Assuming 
we use all of this up» then 
the only way the ferrous Ion 
5 can go Is to go to ferric » so 

we don't break that. 

Student: Then, the Iodine, 
when It starts to affect 
the reaction* when you add 
10 more Fe*^. 

Teacher: If you add more 
Fe"*^ but you've got to 
come back, and you're 
going to do a large thing, 
15 and you'll end up with the 

Iron In there, you're go- 
ing to end up with the 
same equilibrium. 

Student: Yes, but you're 
20 getting rid of the Iodine. 

Teacher: Yes» but you'd 
be right back where you 
started again. 

Student: You'd know how 
25 much youM been adding, 
after • • • 

Teacher: You can*t play 
around with the same 
equilibrium and expect 

30 to get any answers. You 

have to go somewhere else 
to get the answer; because^ 
If you have more ferrous Ion 
you^re putting more ferric 

35 Ion In here» and this Is 

what you*re trying to find 
In the first place. Okay? 
Nov;':^hat do you have left, 
what type of agent ^s here 

40 anyway? Let's just say chat, 

and I'll add my own agent. 



falls to explain this. Instead he states 
that there Is no problem. 

I<*3: This assumption Is not justified here. 
In L.17 p*A16, the teacher did not deny 
the possible formation of an equilibrium. 

The problem Is to effect the reaction: 
l2 + e" 21* 

L.8: The student' appears to be suggesting 
that a known quantity of the Fe^ species 
could be added. According to the half*' 
reaction this Is legitimate, for It would 
seem to supply the required^ electron: 

Fe"^* e" + Fe+^ 
The student makes his suggestion more 
explicit In LL. 19-20 and LL:24-26. 



L.21: This Is not the case If *W use 
all of this up." (L.3) 



Student: 
agent . 



It^ll be an oxidizing 



LL.27*-30: The teacher provides no grounds 
for refuting the student's suggestion. 
The suggestion Is Incorrect on the grounds 
of the values concerned. The teacher 
makes uo reference to this, nor even 'to 
the logical-analytic procedure of rank 
order In the table. The latter would have 
solved the difficulty. It Is not used 
here» although a previous part of the 
lesson Intended to make this point* 

Episode 12 . LL.38-6 (p.Al9): INSIGHT. 
It se^ns that the teacher wishes the stu- 
dents to recognize that the Iodine half- 
reaction (reproduced opposite L.7 above) 
Is known as a reduction, and therefore 
requires the presence of a reducing agent . 
The procedure for recognizing this Is not 
given In this lesson. ' * 
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Teacher: No» you added an 
oxidizing agent here» this 
is an oacldizlng agent. You 
uant to reduce the Iodine 
5 to lodlde» eh? 

Studenti Rlght» yes. 

Teacher: THen» the most com- 
mon solution you use is a 
thlosulphate solution. Nov 

10 you prepare » say sodium thlo^ 
sulphate^ you prepsre s solu- 
tion of known concentrstlon 
sodium thlosulphate snd the 
thlosulphate Ion Is 8203^^. 

15 And If you have«}aiown concentrs^ 
tlon of solution* you titrated 
very carefully snd very slowly 
with this lodlne» youM end up 
with a nev specle8» and . . . 

20 Student: Iodide Ions. 

Teacher: Iodide Ions. And 
- when you Just add enough 
to use up all of the Iodine, 
then your blue color dls- 

25 appears and you'd know how 

many moles of thlosulphate 
youM used up. So, can you 
balance that equation. (Pause) 
.You could do It a number of 

30 ways. You could do It by 

oxidation and reduction* 
which would drive you crazy, 
we should take a look at 
that anyway. What's the 

35 oxidation number of sulphur 

In this species (S203''^)? 
(Students : Four » two , 
etc.; Two? You've got 
two sulphur plus, three 

40 ptli^e^ negative two Is nega-^ 
tlve six, that's equal 
to negative two all over, 
these are. charges on the 
Ion. So then, your 

45 sulphur Is positive two 

here; and what Is It here 
(Si^Og^^)? (Students make 
several suggestions.) Well, 
you have three, this Is 

50 negatlve~thls Is charge on 

the Ion. 



LL.1^5: The teacher corrects the stu- 
dent by reference to the reverse reac-* 
tlon which Is known as (ncldatlon. Oxi- 
dation is generally used to denote the 
loss of electrons. To judge the sub*- 
stantiatlon as suitable one must assume 
that the topic hss been discussed in s 
previous lesson. 

Episode 13 . IL.7-46 (p.A20): IMPRESSION. 

L.9: A justlf icstioh for using this 
substance might be obtained from its 
E^ value. This does not sppear in the ^ 
table nor is it provided by the teacher. 

L.14: There is no provision for the 
students to judge the appropriateness 
of this representstlon. 



L.20: It is contestable that this re- 
sponse provides new information. The 
product of the reduction of iodine has 
been stated in L.5. Therefore the re*^ 
sponse appears to be recall. It is 
identified as an IMPRESSION response. 



L.31: "Oxidation" and "reduction" are 
names representing certain chemical 
reactions. They are not procedures 
for balancing chemical equations. 
L.35: Assigning an "oxidation number" 
depenfis on inferring the oxidation 
number of oxygen to be negative two. 
Presumably this has been discussed In 
a previous lesson. 

L.38: The Inferred charges on the species 
are presented as observable entitles. 
LL. 46-47: The students are to assign 
a number to the sulphur atom In the 
postulated species using a logical- 
analytic procedure. In this lesson, 
the use of the species has not been 
justified. The logical-analytic pro- 
cedure Is mathematical. The "charge" 
on the species totals negative two; it 
is the result of six oxygens having a 
"charge" (oxidation number) of negative 
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It*s not the axldatlon number 
of oxidation* And this Is 
the charge on the Ion. (A 
bell sounds.) 



two, and four sulphur atoms whose 
"charge" (oxidation number) may be 
calculated • 



5 Student; Two and a half? 

Teacher; Two atid ^ half? 
You have four sulphur, you 
have^slx times negative two, 
so that*s negative twelve^ .- 

10 Is equal to negative two. 

So that^s 4S « 10, so that*s 
S « 2 1/2. Your Iodine 
obviously Is going from zero 
here to negative one here* 

15 So how many sulphur atoms 

then have to be oxidized for 
^ every Iodine atom that Is 
reduced? (Pause) The In^ 
crease here Is what? Just 

20 because we have a fraction 

for a change don*t let It 
worry you. The increase Is 
a half and the decrease Is 
one, so how many would you 

25 require? (A bell sounds. 

Some of the words cannot be 
heard.) . . . now putting 
It In here It gets a little 
complicated for we already 

3p have two there. So, you would 

then put for two of these^ 
you would have to either put 
one to one and a half» or one 
to a half » rather; so that you 

35 have two sulphur atoms for one 

Iodine atom. And this Is about 
ao complicated an example as 
you can get^ here. Or, since 
you have f9ur over on" the other 

40 aide, you might end up by say^ 

Ing, two of these, one of these 
Vhlch would mean two of those, 
and two of those* And that 
should work out. 

45 (2 SaOs^^ + 12"= Si^Oe""^ + 2 I*^) 

Anyway^ that Is the balanced 
equf^tlon. Now the Important 



L.5: The student uses this procedure 
to deduce the oxidation number. The 
response Is an INSIGHT response. 

LL.6^12; The. teacher demonstrates the 
use of the logical-analytic procedure. 

L.12:' Uncombined species are assigned 
the oxidation number of zero. This m^y 
have been explained in a previous lesson. 

LL.15^1B; This question requires the 
students to relate the oxidation numbers 
to the balancing of the equation. This 
question and the statement in LL .34-36 
assume that the representation has an 
exact correspondence with states-of^ 
affairs. 

L.18: The pause might be an indication 
that the students do not understand the 
logical^nalytic procedure they are to 



use. 



LL. 30-45: The teacher demonstrates the 
logical-analytic procedure by balancing 
the equation. 
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10 



15 



20 



25 



30 



35 



40 



45 



thing though Is to^ take a 
look at what yoa*ve done — 
1 still remember doing this 
for the analysis of copper 
and It drove me crazy. But 
anyway, you have taken a known 
solution of thlo8ulphate, and 
titrated It with this. So If 
you knew the concentration 
you could do what? What 
could you calculate as far 
as thlosulphate Ions? 



Student: 
moles. 



The number of 



Teacher: And If you know 
the number of moles here, 
and you know the ratio here 
you can get how many moles 
of Iodine, eh? And then what 
can you get knowing thp number 
of moles of Iodine, eh? 

Student: Find the number of 
moles o£ ferric Ion that were 
changed . 

Teacher: Right, then you can 
get the number of moles of 
ferric Ion; and then you can 
calculate the weight of Ion 
or the weight of ferric Iron, 
then youM know the weight 
of Iron In the sample. So 
find the composition of the 
sample. And so that^s the 
type of thing you can go 
through. Now, the point 
Is though, this Is ^y X*ve 
been demonstrating Its use 
In quantitative analysis, 
simply because of this, 
i4ierever you are, equilibrium 
reaction between Iodide and 
iodine; the iodide is very 
easily oxidized to iodine; 
the iodine is very easily 
reduced to iodide ion. Okay, 
now. We can have a break 
for three minutes; see your 



Episode 14 . LL. 5-24 : INSIGHT . The 
students are to use a logical proce<" 
dure which permits the quantities of 
substances to be calculated from the 
chemical equation. This procedure 
relies on the inference that the ^ 
equation has an exact correspondence 
to states"of affairs . 



L. 13: The student uses the logical" 
analytic procedure to link the process 
of titration with the number of moles. 
This is considered to be a recall of the 
information given in LL.S-IS p.A17. 

L.15: The ratio referred to here is of 
the integers preceding the symbols of 
species in the balanced chemical 
equation. 



L.22: The student continues to use the 
logical procedure. This response is an 
INSIGirr response. 

Episode 15 . LL. 24-45: IMPRESSION. 
The relationship between the number of 
moles and the measurable weight of 8ub^ 
stances is not explicated here. 



L.43j The teacher elicited the term 
"moderate*' to describe the oxidizing and 
reducing effect of iodine on L.l p. All. 

LL.45-5 (p.A22); The remainder of this 
lesson consists of Group 2 statements. 
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marks on the test If you want, 
and then come back and do a 
couple of exercises, and then 
we have to see a film today 
because It has to go back. 

(The second part of this double 
lesson begins with an example 
of balancing half-equations. 
Then a film Is shown, "Brcmlne: 
Element from the Sea.") 



Appendix Three ^ 

Standard Oxidation Potentials for Half "Reactions 

Ionic concentrations, IH In water at 25 degrees Centigrade. 
All Ions are aquated. 



H2<g) 

Cu 

21- 

H2O2 

Fe+2 

.Hg(l) 

2Br- 

2cr 

2F- 



Half-Reactlon 

-> 2e- + 2ir*' 
■> e- + Cu*^ 

^ 2e- + I2 

-> 2e- + 02(g) + 2H"*' 
■> e^ + Fe+3 

-> 2e* + Hg**"^ 

-> 2e- + Br2(l) 

-> 2e- + C 12(g) 

-> 2e- + F2(g) 



E° (Volts)2 
0.00 
-0.52 
-0.53 
. -0.68 
-0„77 
-0.78 
-1.06 
-1 .36 
-2.87 



Oxidizing strength 
Increases 



very strong 
oxidizing agents 



^Thls Information Is reproduced from Chemistry: An Experimental Science . 
Prepared by f.he Chemical Educational Material Study under a grant from 
the National Science ?outtdation (San Francisco: W. H. Freeman and Company, 
1963), pp. 452-453. 

^The e'' value Is Interpreted as a quantitative measure of the tendency of 
the half-react£on to proceed as shown, compared to that tendency for the 
hydrogen half-reaction as shown. (Negative values Indicate non- 
spontaneous half-reactions.) Germane to the discussion on pp. A8-A9, the 
oxidizing agent In each half-reaction Is the substance shown to the right 
of the arrow (e.g. 211+, ■F2, etc.). 
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GRADE 12. GBEHIsm (FOUR-YEAR STREAM) 

(The lesson begins. The students arrive late from their previous class.) 



Teacher: While this Is fresh 
In our minds we'll have a 
test . . . (Indistinct) . . . 
next period. 

5 Student : One? 

Teacher: No» it^ll be less 
than a period test» and If 
you . . . (some stvdents 
enter). Gooe on Geoff rey» 

10 let^s movre. (Pause) Now 

some of the work we did 
was not covered by the . . . 
by the textbook, such as 
the making of havd lotion. 

15 So, don't forget that — 

don't rely cootpletely on 
your textbook^ otherwise . . 
If you are familiar with the 
questions at the end of the 

20 chapter^ and the summary, 

you should have a very good 
chance of doing well. So 
that Is tcxaorrow. (Pause) 
Now l^t*s summarize your 

25 observations please. What 

t^s the appearance of the 
fat? Incidentally, what 
was the fat we used? 

Student; (Quietly) Lard . 

30 Teacher: I beg your 
pardon. 

Student: Lard. . 

Teacher: (Throughout this 
section he writes the 
35 observations on the board 

as the students answer 
the questions.) And Its 
appearance cold? 



This lesson follows one In which the 
students prepared soap and tested It. 
They recorded their observations. 

tL.1-25: The statcmenr.s In this por* 
tlon are Identified 83 GiToup 2 state- 
ments. In L.25 there is a reference 
to the recorded observations which 
were msde 1a the laboratory work of 
the, previous lesson. 



Episode 1 . LL. 26-31 (p.A25): RULE. 
In this episode the teacher requires T 
the students to precisely describe their 
observations In terms which he Introduces < 
The students substantiate the use o£ 
these terms using their observations. 

LL. 27-28: The name of the fat was not 
observed; the question requires a recall 
of Information given by the teacher In 
the previous lesson. Thus, It Is an 
IMPRESSION question. 

L.32: This is an IMPRESSION response. 

LL. 37-38: T^ question requires the 
students to communicate their obser-^ 
vatlons of states-of-affalrs. The 
response will not be a recall o£ pre- 
viously imparted Informatlont but 
will be a report of observations. 
The question Is a RULE question. 
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Student: Vhlte, er , solid . . . 
White substance. 

Teacher: Would it be . . . was 
it, er , would you classify it 
5 as a solid? ^(Student: Yeah.) 

lynne, gum please) 

Student: Yeah. 

Teacher: It kept its shape 
reasonably well, it had a 
10 definite shape, but was this 

shape permanent? 

Student: No . . .no. 

Teacher: It Had a plastic 

quality, xc co;:ld be deformed; 
15 and er, something of this 

nature is not classified as 
a . . . completely as a solid, 
but is knovn as a semi^'solid. 

Student: tike ice? 

20 Teacher: No, ice is a solid, 
you cannot deform ice, it 
will crack and break up. 
It*s crystalline, it*s a 
regular solid; but something 

25 which can be pushed aroutkl 

or is plastic, and er • • • 

Student: Jello. 

Teacher: ... is a semi-solid. 

And, of course, it has an 
30 oily feel. The, er, iard 

that was sold fifteen or 

twenty years ago was not 

as pure white. The lard 

(a student is speaking) 
35 we get today is a highly 

purified . . . what Is it 

Julie. 

Julie; I was just trying 
to find out what that 
40 word was . . . (she is 

pointing at the blackboard). 

67 



L.l: The observation is related to the 
term **8olid** which has a pr^^ise mean- 
ing in chemistry. The term ^'solid'* is 
an abstraction referring to a classifi- 
cation of substances. 
LL.4^5: The teacher challenges the 
logical-empiric procedure by which the 
student has classified lard as a solid. 
This is a RULE question. 
L.7: The &tudent*s response does not 
provide substantiation for this classi- 
fication . 

L.8: An attribute of solids is that 
they have a permanent shape. 
LL. 10-11: This RULE question requires 
the student to justify his classifica- 
tion using an empirical reference. 
LL. 13^18: The teacher uses empirical 
referents to explain why lard ntay not 
be considered as a solid according to 
the present classification. The phrase 
'*is known as" clearly references the 
paradigm, and distinguishes an infer* 
ence from an observable phenomenon. 
L.19: This question appears to be an at- 
tempt to clarify the use of "semi*-solid." 
L.20: The teacher does not reference 
the paradigm, although this was done in 
L.IS. He clarifies .the classification 
using empirical referents. The phenom- 
ena he refers to are likely to have been 
observed by the students. The use of 
such references is characteristic of 
RULE model teaching. 



LL. 30-31 (p.A25): In this portion the 
teacher distinguishes between the white 
lard which may be purchased, and the 
grey lard available previously. 

[LL.36-7 (p.A25): This interruption is 
considered to b6 Group 2. It appears 
that Julie cannot read a word which is 
written on the blackboard. The teacher*s 
exhortation in LL.5-7 p.A25 is regarded 
as containing Group 3 statements. I 
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Teacher : 
solid. 



White? Khite Bemi- 



40 



Students: Oh white * * * oh, 
^it^. (Sane laughter) 



5 Teacher: l£t*s sharpen up* 
I knew it*8 period ten, 
but Ifit's keep on the ball* 
The lard which we buy today 
is not the same pork fat 

10 that it vas a few years 

ago* Xt used to be a kind 
of a pale grey color, and 
did not have as good 
shortening quantities in 

15 baking as it has today* 
What they do today Is to 
hydrogenate it slightly, 
to filter, and purify 
it until it's almost a 

20 chemical product . * . no 
longer as natural as it 
would have been. Now, 
you can do the saste thing 
by saving pork dripping 

25 at home; and you can use 
it for milking pie crusts 
and biscuits and that 
sort of thing, but it 
will not be quite as 

30 high quality as the stuff 

that you can buy. What 
was the appearance of the 
lard after it was warmed, 
Jackson? 

35 Jackson: Er, it looked 
like oil. 

Teacher: And was f,t 
colorless? 



Student: 

Teacher: 

Student : 
color . 



No . . . 
Or . . . 

Slightly yellowy 



45 



Teacher: 
yellow 
and oily. 



All right. Pale 
But it was clear 
Okay, pale yellow 



L.8: The teacher describes the differ^ 
ences between pork fat and contemporary 
lard. The reference to hydrogenation 
may be to link the Resent discourse 
with a process which was taught in a 
previous lesson. 



L.24: The reference to dripping makes 
some provision for the students to 
verify what the teacher is asserting. 
This provision is associated with RULE 
model teaching. 



Episode 2 . LL.31-18 (p*A26): RULE. 
In this episode the students are re- 
quired to describe their observations, 
and to organise them using a logical- 
^piric procedure involving classifying 
on the basis of observed features. 

LL. 31-42: The questions and responses 
are used by the teacher to justify the 
classification of **pale yellow liquid.** 
This use of evidence for justification 
is associated with RULE model teaching. 



LL.44-6 (p.A26): The teacher requires 
the students to use the attributes of 
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liquid. (Pause) Was It 
aoluble In alcohol? After 
both the alcohol and the 
lard^vere heated, did It 
5 appear to form, er, a true 
solution? Lynne. 

Lynne; No, It looked like 
separate parts. 

Teacher; 1 see, so It was. 

10 actually a mechanical mix- 
ture ... of two liquids , 
eh? So this pretty well 
completes our first stage, 
we just warmed It enough 

15 to melt the lard, with 

the alcohol, and ended up 
with a mixture of these 
two liquids. Was there 
any noticeabl^^ change 

20 when the base was added~ 
another clear, colorless 
liquid? (Pause) After 
heating and stirring Cld 
the, er, did the two liquids 

25 remain separate or did they 

. . . did they blend? Lynne . 

Lynne; VtHy I think they 
remained separate, and 1 
think the oily stuff started 

30 to foam . . . around the 

beaker? (There is dn inter- 
ruption as a student enters 
the room and asks whether 
or not another student is 

35 present. The teacher 

responds , then the lesson 
continues.) 



true solutions to determine if this sub- 
stance may be considered as a solution. 
This use of a logical-empiric procedure 
is similar to INSIGHT cueing. However, 
there appears to be no intention of pro- 
moting this classification without 
making provision for alternatives. This 
is evidenced by Lynne's response which 
is acknowledged by the teacher. He th^ 
provides an alternative phrase to de* 
scribe Lynne's observation. 



In LL.12-1S, the teacher summarizes the 
experiment and the observations. 



Episode 3 . LL. 18-31 (p.A27); RULE. 
The teacher continues to aid the stu- 
dents in the organizing of their 
observations. 

LL.lS-26; The questions in this section 
are identified as RULE questions. The 
words used by the teacher are everyday 
words. Thus he is not atteiq)ting to 
promote a specific response, but to 
obtain a report of observations. 

Lynne, in L.27, and the student, in L.39.^ 
provide conflicting reports. As seen 
below, in L.l p.A27, Lynne's observa- 
tion is not anticipated by the teacher. 
But his response (L.38) is significant. 
By honoring Lynne's report, he implies 
that an observation cannot be wrong. At 
the same time he makes it clear that 
there may be alternatives, and that they 
will be entertained. 



Teacher ; Fossib ly . Yes . 

Student; It sort of became 
40 together; and solid, and 

another lardy type substance 
. . . (The interruption con** 
tinues^ the student who 
entered, leaves.) 

45 Teacher; I think, most of 
the ones that I saw, that 



LL.45-6 (p.A27); The teacher reports 
his observations in a way that indicates 
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the dlvisloa between the two 
liquids tended to disappear^ 
and It tended to become more 
uniform. So that It appeared 
5 to form an almost uniform 

solution. And then with con- 
tinued heatings what was the 
nbost apparent thing that you 
observed? Remember that you 
10 have got loore senses than 

jtist eyesight. 

Student: The smell? 

Teacher: The odor of alcohol. 
And visually » what did you 
15 observe » besides this 

uniformity? 

Student : Bubbling. 

Teacher: Bubbling, ^d did 
you notice any change in 
20 the quantity » Jackson? 

Jackson: Cr» well that sort 
of oily stuffy before it*s 
turned to» er» White solid . . . 

Teacher: Okay» was that apparent 
25 rig^t at the beginning or was 

there' something that was ob- 
served before that? 

»' 

Student : Evaporation. 

Teacher: Evaporation took 
30 place » or the volume was 

reduced. And I think we^re 
approaching the final stage 
noWf which we* 11 call number 
three » and this is when the 
35 products actually become 

visible. And how did you 
describe the products » the 
appearance at the very end? 
Did youy er . . . 

40 Student: We (unclear) substance 
formed, together. You get the 
er, yellowy-like fat kind of 
a substance-'^liquid on the 
bottom. 
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that they are not unique. There fore » 
there is still provision for the coa-* 
sideration of alternatives » which is 
evidenced by the words "tended'* and 
**appeared . Both words' are being used 
in a tentative sense. 



L.IO: The reference to senses other 
thaa eyesight nag^t be an atteo^t to 
demonstrate an accepted tise of the 
term **observe." Alternatively » it 
could be intended as an INSIGHT cue. 
The response in L.12 substantiates the 
latter interpretation. But the cue is 
Insufficient for the student to identify 
the smell by naine. The teacher does not 
peimit the students to supply the name» 
which allows this portion to be identi- 
fied as INSIGHT. 

LI. 19-20: An observed change in quantity 
nlS^t indicate that the phenotnenon known 
as "evaporation" had occurred. 

Jackson *s observation appears to be of 
a later stage in the experlioent. This 
is evident from the teacher^s response 
which fj[>llows. The teacher does not 
imply that Jackson's observation is 
wrongs merely that ai^iuqjortant observa- 
tion has been onltted. 

L.28: It is possible that the student 
believes that .he observed evaporation 
rather than the manifestation of evap- 
oration. The teacher does not correct 
this possible nisconception; but he 
provides a correct way of describing 
the observation. 



Episode 4 . LL. 31-48 (p.A29) : RULE. 
The intent of this episode appears to 
be sinllar to that of the previous 
episode . 
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Teacher: Would ^Vaxy^^ be an 
adequate word~dld It have 
kind of a seml-^ard wax, 
waxy appearance? A llsJtt 
colored waxy . . . and you'll 
notice that this formed 
even when It: was hot . 
Now, would this lead you 
to believe that there was 
a new product formed or 
that It was just the fat 
kind of, er, being boiled 
out of the dish? Did It 
seem to have the same 
properties as the original 
lard? 



LL.l-S: The teacher suggests words for 
characteristics of the product mentioned 
by the student In LL. 40-44 (p.A27) . The^ 
use of a question Indicates that he is 
making provision for the consideration 
.of alternatives. 

LL.8-X6: The questions asked require 
the students^ to make judgments about 
claims using evidence which they have 
obtained previously. This is ^ical 
of VjJLB questions. 



Student: No. 



Teacher: So, it, er ... 
and there was some, still 

20 some kind of yellow liquid 

formed, eh? (No response. 
Pause; he wrices on the chalk 
board.) Now without testing 
them, we could tell' from 

2S the behavior of this ^ 

solid what it was pretty 
well. There's no wa;^ 
that we could reall/ 
tell what this is (i.e., 

30 the liquid formed) without 

chemical tests, but it^s 
no secret, this would 
have to be the other 
products and some of the 

35 leftover water which was 

present^-we dldn^t evaporate 
all the water. Yes? 



L.2S: ^^Behavior*^ refers to what occurs 
when the substance is subjected to the 
^*foam test." This' test is described in 
the analysis on p.A29. 

L.27^: The teacher appears to be empha- 
sizing that the descriptions of what 
is observed are confined to the results 
of the students* experiments. Thus 
the use of evidence from other chemical 
tests is not to be relied upon. 



Student: The, er, soap like 
wax, it wouldn't, er, wouldn't 

40 hardly, completely mix, like 
you couldn't squish it all 
together, it kept In sort 
of little lumps. It 
wouldn^t"! don^t know 

45 how you*d . . . 

Teacher; We dldn^t bother 
doing this, but if we had 
added a little bit of salt 



L.38: The student Indicates that his 
product did not demonstrate all the 
characteristics of soap with which he 
is familiar. It appears that his sample 
did not coagulate in the way that house* 
hold soap Hoes. ' 



LL. 46-15 (p.A29): The teacher provides 
an explanation. It is Implied that the 
process of coagulation is inhibited by 
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water » like very salty 
water » It would have 
helped to separate the 
soap from the glycerine; 
but It also would » we would 
have lost some of the soap* 
If we put in pure salt* why 
it might have — sprinkled 
some pure salt in~it 

10 might have done the same 
thing* Bift you would 
probably be able to collect 
enough of this to test with 
^ the^ er» water foaming 

15 Action* (student yawns; 

teacher writes on the boardO 
I asked you to mention the 
height o£ the foam above 
the surface of the water 

20 when you did the foam test» 

I saw one that looked to be 
about two, two and a half 
inches. Earl? So, er, did 
anyone g^t a height of foam 
25 higher than two and a half 
inches from the water— this 
was the best one I saw. Max- 
imum then» two and a half 
inches of foam, and this would 
30 compare very favorably with 
commercial products* So, 
is there anyone that had 
less than half an inch of 
foam? (Some hands are 
35 raised.) Anyone less than 
a quarter of an inch? 
(Three hands are raised.) 



the presence of glycerine. It is pos- 
sible that the students were told the 
name of this product in a previous 
lesson. The explanation is intended 
to shot; that although coagulatidn is 
incon^lete, the product may still be 
identified assoap* The presence of 
the words **mlght** and 'Vould** suggest 
that provision is being made for the 
consideration of alternatives, which 
would justify the classification of 
this portion as RULE* 



L*20: The *'foam test*' involved the ^ 
addition of distilled water to the 
product, followed by shaking the mix* 
ture in a test tube* The appearance 
of foam indicates the presence of soap. 

7X^23-26: The teacher solicits obser- 
vations about foam from the pupils* 
(But in LL. 38*39 the student*s response 
is anomalous, as noted below.) 



Student; We ended all up 
liquid. 

40 Teacher: Oh. Well, 

approximately a quarter 
of an inch woul^ be the 
minimum* and I expect 
there would be every 

45 level in between pretty 

woll. Usually, about an 
inch to an inch and a half 
is the average. As far 
as conclusions are con- 

50 cerned, er, would you 



I*. 38; That ist no foam was observed. 
In the following line the teacher dis- 
regards this anomalous observation. 
Instead, he asserts what would be 
observed generally. The students are 
provided with no support for this alle- 
gation. This portion is identified as 
IMPHESSION. 



Episode 5 . LL. 48-33 (p.A32): This 
episode is predominantly identified 
as RULE. There is evidence of soine 
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call this a physical change 
or a chemical change? 
(Pause) Yes? 

Julie: Physical. 

5 Teacher: Mel. 

Mel: It*s a chemical change. 

Teacher: I doa*t kaw why 
this class can*t get along 
without controversy. When 

10 I ask a question there are 

at least: two answers » and 
sometimes more. (Some 
lausJtter) Vhat» on what 
basis <lo ve judge whether 

15 a change is chemical or 

physical? What do we look 
for in a chemical change 
for instance? Scott. 

Scott: Well in a chemical 
20 change » the atoms coiopletely 

change » but in a physical 
change it*s just the atate . . . 

Teacher: State is one fom 
of physical change. Can 
25 you give me» er . . . 

. Julie: Oh » in a chemical 
change » the molecules are 
rearranged or something » 
and the physical, er, they 
30 can*t be put bade together 

in the original form. 

Teacher: I see. Well just 
think, you told me you thougjit 
this was a physical change. 

35 Now, do you think that there 

would be any easily reversible 
process where we could take 
this substance that we 
produce and put it back 

40 into the form of, er, alcohol, 

or pardon me, base and lard? 

Julie: Well you could, er, 
you could Sep . . . separate 
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confusion beMeen postulated and observ-* 
able entities, 'which is noted in the 
analysis. 

L.l: This question requires the students 
to use a logical-^iq>iric procedure for 
classii^lng the observed change. Ihe* 
procedure involves the identification of 
attributes of the products. This would 
suggest that the question is an INSIGHT 
cue. However, an examination of. the 
evidence and the procedure is forthcom- 
ing which suggests that a jud^&ent is 
intended. 

LL.7-*12: This comment is intended to be 
humorous. The ^^controversy" may derive 
from Hel*s thinking that the teacher 
iiq>lied that Julie's response was incor- 
rect. 



Scott*s Response refers to abstractions. 
He defines some characteristics of this 
classification, but suggests that the 
postulated entities exist. 

Ihe teacher does not take account of 
the misrepresentation made by Scott. 

Julie confuses the attributes. She 
represents postulated entitles as 
observable entitles. 



L.32: The teacher relies on the attri- 
bute that a physical change is easily 
reversed. This mlgjit have been the 
point which Julie was atteiq>ting to make 
in LL. 26-31. From the responses on this 
page, it is inferred that the students 
are aware of the distinctions between 
physical and chemical changes in terms 
of the arrangement of "molecules." There 
is no explicit reference to this paradigm. 

Julie seems to be pointing out that 
separation of the products would yield 
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the liquid at the end, and 
you can, er, cool, the water 
and you get solid. 

Teacher: Well, did that 
substance you produced, 
did it have the properties 
of waterf Bid it, er * . . 

Julie: No, it had the 
properties of a semi- 
solid? ^ 

Teacher: It was kind of 
a slippery seml^solid, 
that's true, but,, er, 
it mls^t pay just to 
take a little lard'and 
try a foam test on lard, 
see if we've been wasting 
our time. (There is some 
noise as he moves behind 
the bench to get the lard.) 
Now this probably seems like 
a useless sort of test; but 
it is important that we 
recognize the difference 

' between physical changes 
and chemical changes. Take 
about as much lard as most 
of you took soap, add some 
water ... 1*11 bet I get 
as much lather as some of 
you got at that. (He shakes 
it, no lather forms. Students; 
No it doesn't.) Well, this 
is the question. Would 
the atoms be rearranged 
into new partnership or 
would they not? Now that's 
the, that's the criteria 
for . . . 



S tudent : 
would. 



In this like th^ 



45 



Teacher: Yes. Yes, Julie? 

Julie: You mean the atoms, 
you mean, oh, arrange into 
oh, you know take on a new 
form. 



a liquid and a semi-solid; and, since 
these two states were also present 
initially, then more evidence is needed 
to judge whether the change is **cheml^ 
Vhysical." 



cal'^ or " 



LL,4-7*> The teacher's question is 
interpreted as determining the validity 
of Julle*s objection. 

Julie emphasises that both the product, 
soap, and the reactant, lard, had 

properties of a seml-solld. 

I 

Julie*a objection and request for more 
evidence Is typically allowed in the 
BULB model* The teacher has noted the 
objection, and provides ttie necessary 
evidence by performing the *'foam test" 
on the lard. Thus, he demonstrates 
that the seml-solld product may be 
distinguished from the lard. This 
recourse to direct evidence Is a crl^ 
terion of the RULE model. 



LL. 34-39: Atoms are postulated entitles 
which are presented here as observable 
entities. In addition. It is implied 
that the above demonstration indicates 
the formation of "new partnerships." 
They may be inferred; but there Is no 
reference to the paradigm which would 
permit this. Consequently, the portion 
cannot be Identified as RULE. ^Instead, 
the presence of a logical -empiric pro- 
cedure and the incorrect use of empir- 
ical references with no reference to 
the paradigm Is interpreted as INSIGHT. 

L.40: The student has no evidence to 
support the claim for the formation of 
"new partnerships/' although one can 
infer from Juliets response that the 
students have, previously been given a 
connection between "chemical changes" 
and the formation of "new partnerships.'* 
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Teacher: Yes. ^ Or aaother way 
of saying It *ls that In a 
chemical change products are 
formed » and how would the 
5 properties of the products 

coiq>are.wlth the properties 
of the original substance. 

Student: They^re different. 

Teacher: They^^re different. 

10 The properties of the products 

are conpletely different from 
the original properties. Now 
a physical change mis^t be 
like freezing. If you take 

15 a sample of water and frecize 
lt» It takes a new form^- 
a colorless crystal. But 
It^s very easy» singly by 
heating It up again to get 

20 the original water back. 

So this Is a physical change. 
So weM better put this down 
as out conclusions that soap*- 
niaklng Is a process which . . . 

25 Is a chemical diange . . . 

(he repeats the phrase for 
dictation) The final products — 
new sentence — tiie final products 
. . . have properties . . . com-* 

30 pletely different . . . from the 

original substances . . . because 
the atoms . . . have formed new 
and different partnerships. 
(Pause) Any <]uestlons on the 

35 experiment? (He writes on tiie 

board.) Yes. 

Student: Oh» er» for tiie 
testy do we just have 
to know tiie things we 
40 took up in class, like 

ions. We didn't take 
some of the things that 
are in the text. 

Teacher: No that's rl^t. 
45 But, er, the things that 

we dldn^t take in class . . . 
you^re only responsible 
for the answers to the 
questions which I assigned, 



LL.1-1?^ The teacher introduces a 
further me«pns for distinguishing 
between the two types of chants 
which does not rely on postulated 
entitles, but on the observations of 
the students. 



The exanple of a "physical changes- 
provided in this section Illustrates 
the use of the loglcalrempirlc pro-> 
,cedure involving observable character- 
istics. The empirical reference 
(L.15) makes reference to a common 
phenomenon. However, there is no sub-> 
stantlatlon for the teadier^s asser- 
tions about states-of-af fairs. Thus 
this section (LL.9-21) is identified 
as IMPRESSION. 



LL. 22-33: Since the contents of a 
dictation would normally serve to 
summarize, the following dictation 
is identified as Group 2. However, 
it is useful to note which portions 
of the preceding teaching are 'summar- 
ized; particularly the statement con- 
cerning the "formation of new and 
different partnerships" (LL. 32-33). 
In this lesson the students have not 
been given sufficient evidence to 
justify that this Inference may be 
made from their observations; nor is 
there explicit reference to the para- 
digm that would permit this Inference 
to be made once the change has been 
identified as "chemical." 

LL.37-5 (p.A33): Group 2. This dialogue 
concerns the content of a forthcoming 
test. 
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because you can get it from 
discussion. So you*re re^ 
sponsible for the informa- 
ti<m irtiich was required to 
aasMr tbose questions. Any 
^questions on the experinent 
'itself? (Ho response. Fauset) 
In the connercial production of 
soap » . the nanufacturer laakes 
sure that there is jtist a 
little bit too much base; 
nowp he doesn't want to add 
enough base that it will . . . 
that he will be wasteful^ 
but he wants to make sure 
there *0 enough base that 
all the fat is converted. 
Question » Ernie? 

Ernie ^ Ah^ er ... 

Teacher: Beg your pardon. 

Ernie; JXo sir. 



Episode 6 . (p,A36): IMPRESSION. 

In this lepisode the teacher describes 
the conmercial production of soap. 
Initially there is an implicit relations- 
ship between the commercial process and 
the students* experimental work. There 
is a reference to flow chart in the 
students* textbooks^ which is described 
by the teacher. The flow chart is not 
Included in the present transcription^ 
for it does hot advance the analysis. 

LL. 18-21: Group 3. (It could be that ^ 
Ernie is not attending to the lesson.) 



Teacher: So that when the 
soap is finally made he 
has a little bit of extra 
-base left over plus a little 
bit of . . . plus the glycer* 
ine which has been produced. 
"So 'the first thing which 
he does is to remove the 
glycerine . . . and the extra 
water — the glycerine and ^ 
water are removed — ^by the 
proce^is known as salting 
down* (He writes the phrase 
on the board.) And this is 
simply the addition of soc^ 
conm^ salt to the mixture ; 
and it causes the soap to 
kind of harden into a mass; 
and the glycerine and 
water are excluded from - 
the mass. The second step 
is to use litmus, or some 
other indicator^ and add 
just enough weak acid to 
neutralize any excess base 
that is present. The left- 
over base then^ is neutralized. 
Now the remaining steps in 



This episode is ^characterized by the 
lack of evidence to support the ^ 
teacher*s assertions^ and by the use 
of the textbook as an authoritative 
source. 



L.33: The process of "salting down** 
has been described in L.3 p.A29. 
But at that point the process was not 
named. Thus there is no special pro- 
vision for the students to relate the 
commercial process to their laboratory 
work. The provision of such a relation 
wpuld enable the students to make some 
judgments concerning the viability of 
the commercial production^ apart from 
being obliged to rely exclusively upon 
the assertions of the teacher and the 
textbook. 

Presumably^ the terms "acid" and 
"neutralization** have been introduced 
previously. 
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the process—the conimerclal 
process~are shown by toeans 
of what is called a flow 
charts on page one sixty 
of the text. Just turn 
to that now and we* 11 go 
over It quickly. (Pause) 
In the upper rlgjtt hand» or 
In the upper left hand comer 
of the diagram^ we see the 
big ttoks where the soap Is 
stored from the hydrolyzer . . . 
and It Is slightly basic. 
Now» It Is run In liquid form — 
or seml**llquld formr'^down 
Into the mixing tanks » which 
are called the metering and 
mixing unlt» and the stabilizer » 
which they^ talk about » Is the 
acid which Is used for neutralize 
nation; and the preservative Is a 
mixture of chemicals which keep 
the^soap from drying out. Now 
a few years ago» if you tried 
to store soap for months » it 
would probably get quite hard» 
andy er» would be difficult to' 
use; but they now put in syn* 
thetics — usually stearates — 
which help preserve the mois- 
ture and keep the soap In good 
condition for a long period. 
So this is the preservative. 
Now still in the very warm, 
liquid stple.» it is elevated 
up to a hopper above a big 
roller which is kept cool by 
circulating water. And the 
liquid soap runs over the 
surface; of this roller and 
it hardens » as it cools; so 
that it forms a thin layer 
of soap on the roller. Then» 
as you can see» as the roller 
rotates . . . the roller rotates » 
the soap is scraped off in 
the form of flakes » and is 
elevated up into the drier » 
where it passes over a series 
of conveyor belts and warm 
air is blown across it so 
that the -flakes are dried 
out. ' The dried flakes then 



LL.2-7: The students are not pro- 
vided with any means for determining 
the appropriateness of the flow chart 
in representing states-of-af fairs. 



LL. 21-32: In this portion the teacher 
points out the usefulness of the pre- 
servative by referring to the <feylng 
out of soap. The phenomenon rwelrred 
to is not visible to the students; and» 
since it was "a few years ago** (L.24)» 
it may not have been within their 
experience. 

L.29: Stearates are generally under* 
stood to be major components of soap. 
(In a previous lesson the teacher 
described soap as **sodium stearate.'O 
There is no explication of how the 
teacher defines some stearates as 
'^synthetics/* and sodium stearate to 
be soap. 
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are put Into these buggies — 
which sre really just big - 
^ trougjis on Wheels— and they*re 
stored for sometimes a week 
5 or two until the . . . througji 
the aging process the soap 
becomes uniform^ It has a 
moisture content and condition--* 
this Is kaown as storage condl- 

10 tlonlngr and lt*s very much 
like tobscco. Froiit there » 
the final process starts^ 
and It only takes a matter 
of minutest It*s dunked 

IS Into s big mljcer^ called 

an analgamator » and lt*s 
at this point thst the 
additives are put In-* 
the perfume, any coloring, 

20 If It^s mechanic *s soap 

this Is where th^ add the 
abrasive, the grit, and 
then It goes through a 
series of plodders, and 

25 these plodders are just 

like compacting machines; 
and, er, the soap Is com- 
„ pacted and rolled between 
rollers and then compacted 

30 again; and finally Is 

extruded In the form of a 
big sheet which Is just 
the rlgjtt thickness for 
bars of soap. Then, on 

35 the conveyer belt, a Van 

Buren cutter cuts It into 
slabs. Which would be 
maybe , the size of ten 
bars; and from there it 

40 goes into' the staioping 

machine where it is actually 
^ stamped into the shape of 
the soap cake» with the 
trademark and manufacturer's 

45 name and any design on it; 

and from there it is auto*- 
oatically wrapped and 
packed in cartons, and is 
ready to go to the warehouse. 

50 The final step, as I say, 

takes only a m^ter of 
mlnutea, rlg^t from the 
time it's mixed until it 



L.ll: Presumably this neans thst the 
process is similsK to the storsge con* 
dltlonlng of tc^acco. In this lesson 
^ere are no means for^the students 
to determine the approprlsteness of 
this analogy. It could be thst the 
storage conditioning of tobacco has 
been discussed in s previous lesson. 

The description, of this process contains 
several terme Which are not explaine<?, 
although they utay have been Introduced 
previously.^ Other examples sre: 

''Salting dotm'' L.33 (p.A33) 
"Neutralize'* L.46 (p.A33) 
"Hydrolyzer" L.12 (p.A30 
''Synthetics" L.29 (p.A34) 
"Stearates" L.29 Cp.A34) . 
"Extruded" L.31 (p.A35) 
"Van "Buren cutter" L.35 (p.A35) 

The above terms are presented without 
explicit reference to the laboratory 
work of the students » nor to any 
experience with which they might be 
familiar. Thus the students are merely 
being Informed of this commercial pro- 
duction of soap. There is no provision 
for them to acquire personal knowledge 
of it. Consequently this episode is 
found to exemplify IMPBESSION mod^.l 
teaching. 
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Is shipped out In the shipping 
containers. And, of course, 
there Is a tremendous variety . 
of soap products available. 

for laundry soap*-- thl3 
Is cosaetlc type soap that 
we' jre talking ^out here, 
toilet soap and bath soap*** 
laundry soaps are usually left 
In the form of flakes , or In 
little granuled . Sunli ght 
soap comes rlg^t from the 
atablllzer. How many of you 
are familiar with the yellow ^ 
cake soap called Sunlight 
soap? 



Student; Oh yes, my mother 
always has it. 



20 
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Teacher; Usually people have 
some in the laundry for rub* 
blng across shirt collars and 
cuffs, things like that^^-soil 
spots—and it does seem to 
help. This is about as close 
as you can get to the old* 
fashioned lye soap that used 
to be made in the home* It 
does not have any air whipped 
Into it) it doesn't have any 
.preservatives added, it will 
dry out and become almost as 
hard as bone if it's leff^ 
for a few months. And, er, 
it is oddly enough one of the 
purest forsis of soap. It is 
pure soap and nothing else* 
So that you really get your 
money's worth; it doesn^t 
smell as pretty or it doesn't 
look as pretty as some of 
the other cakes of soap, but 
it is high quality soap. Yes? 

Lynne; lsn*t that die soap 
that^s supposed to lighten 
your hair? 

Students Yes, it is If you 
wash your hair and go out 
into the sun. 



II..19-42t The example of Sunlight soap 
provides the students with an eiq>irical 
referent. If they-are familiar with 
this soap they are {^artly enable to re* 
late the drying out of soap with the 
lack of preservative. However, it does 
not seem feasible that being familiar 
with both Sunlight soap and cosmetic 
soap will result in the realization 
that a preservative is present iti the 
latter. The only information which is 
deducible from such a familiarity is 
that the two soaps are somehow differ* 
ent. This would not indicate in which 
respect their constituents are differ** 
ent. Thus, the teacher^s assertion 
concerning the presence of preserva* 
tives in cosmetic soap remains unsub* 
stantiated* This section is identified 
as IMPRESSION* 



Episode 7 - li. 43-26 (p*A37): IMPRESSION 
Lynne introduces a problem from her 
experiences . 

L.46i This statement apparently is 
int^ded to confirm what the soap is 
supposed to do. 
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Lynne: What would be In It 
to do that? 

Student: What» the Sunll^t?^ 

Student: Cleans better^ that^s 
all. 

Teacher: I don*t think there's 
aay» er» there's no bleach in 
It; but dtist the fact that 
It removes the» er» hair oil 
and any coating on the halr» 
and then you go out in the 
am. and it driea» 'it dries 
lifter. And then as your 
scali/» er» you know your 
akin ia constantly producing 
skin oilSy your scalp is 
producing thia oil» your 
ha^-r gradually darkens up 
ar^ain. And then 'when you 
^nch it again» remove that» 
and dry it in the sun» it 
looks lifter again. So» 
it doesn't really bleach 
the hair» just takea the 
oil out of the hair» and 
leaves it lifter ;ln color. 
(Pause) Now; I was talking 
over our future with sotoe 
of the people in the class 
and the other class » and 
we felt that jtjst a brief 
study of our water resources » 
and what^s involved in 
purifying and keeping it 
pure-^hat we inean by pure 
water. And what all the 
fuss is about » why is it 
in the papers all the time? 
Why are they so worried 
about the boats on the lake 
when the city of Detroit 
puts as inuch sewage into t'ae 
Great Lakes system in a day 
as all the boats — this is» 
all the amall boats » put 
in in ter years? Why do 
they pick on the fellcv who 
owns a little motor boat? 
(A student says something.) 



LL.6-26: The teacher offers a tenta- 
tive eaqplanation. Thia makea provlaion 
for the conaideratioa of alternative 
explanationa. *"The teacher aubatanti* 
atea hia claim by reference to common 
phenomena. But the evidence is asaerted 
by the teacher; thu8» thia aection is 
identified as IMPRESSION. 



Episode 8 . LL.27"3(> (p.A39) : IMPEESSION, 

LL. 27-36: This portion serves the pur- 
pose of Group 2 statements. -In addi- 
tion » several questions are asked whidl» 
presumably » will be answered during the 
course of the teaching of the next 
topic. 



Although the data may be forthcoming 
in a following lesson » there is no 
Immediate provision of means for the 
studentfj tc determine the accuracy of 
the estimated quantity of sewage put 
into the Great Lakes by Detroit. 
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Well, I think t3iere*s a very 
good answer to that; I think 
that they vant people to get 
concerned » and there are some* 
5 thing like fifty thousatid 

cruising boats In Ontario 
vatersy and they get fifty 
thousand people talking ^out 
this f and get it on the top 

10 ^ of their mind» this could be 
tremendous political pressure. 
Every fellow that has a boat 
is going to be mad vhen he 
has to spend three hundred 

15 dollars for a holding tank» 

and he sees some factory just 
pouring vaste out into the 
lake» and he*s going to get 
after his Member of Parliament^ 

20 and he*s going to raise soine 
fuss and it can^t do anything 
but good. 

Student: But this isn^t Detroit:. 
(Some students comment.) ' 

25 Teacher; The vater conservation 
authorities *are bringing pres- 
sure to bear on the people on 
the American side, and they 
are starting to do some vork; 

30 but they aren*t . . . haven*t 

so far been nearly as effective 
as the Ontario Water Resources 
Commission. We*ll be getting 
some material from them in the 

35 vay of » er . . . 

Student ; Waterl (Some 
laughter.) 



LL.1-22; The teacher prefaces his ex^ 
planation by the words *'I think." This 
identifies the explanation to be his 
ova; andy since there is no indication 
that the students are to explain the 
phenomena similarly » the teacher is 
making provision for the consideration 
of alternative explanations. Hovever^ 
the teacher substantiates his explana- 
tion by reputed reports of states*of- 
affairs. The assertions in this por- 
tion similarly represent states-^of- 
affairs and inferences concerning those 
states-o£-af fairs. Also» the students 
are not provided i?ith the sources of 
the information used» thus they must 
rely upon the teacher for accuracy. 
For instance^ it is questionable that 
all fifty thousand boat owners vill 
pay the stated amount for a holding 
tank» see factories pouring out vaste » 
and contact their Heoibers of Parliament. 
Since these assertions are made vithout 
distinctions between states-of-af fairs 
and inferences y the portion is identi- 
fied as IMPHESSION. 



LL. 30-33: The teacher presents an 
unsubstantiated judgment's if it 
were a report of states-of-affairs. 
The judgment is qualitative. There 
is no provision of evidence nor of 
the logical procedures which are used 
in the formulation of this judgment. 



Teacher; Well we get material 
from them through our taps^ 

40 buty we^ll be getting some 

printed material which will 
tell their side of the story 
about what the people in 
Ontario are trying to do. 

45 Andy believe me^ we better 

do something because » right 
now» Lake Erie is considered 
to be a (lead lake. It has 
passed the point of no return. 



L.47: There is no reference to the 
authority which :inds that the lake 
is "dead"; nor is there mention of 
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The , , , It Is calculated that 
the only way In Which that sec- 
tion of the waterway can ever be 
made natural again is siinply to 
5 dig a channel through the center 

of the lake and ntake It Into a 
river* Now they already have a 
ship channel » which Is dredged 
througli the center of the ldke» 

10 but fhe rest of the lake will 
simply become reclaimed land* 
And» er» because as far as 
the lake Is concerned » lt*s 
had It * The reason for this 

15 Is that there has been so 

much Industrial waste » so 
much silt from ruii*off» so 
much fertilizer that^s been 
swept Into the lake from the 

20 surrounding farmlands » that 

the only organisms which live 
there are the kinds of organ- 
isms which we find in» er» 
sewage » and in stagnant water » 

25 which has a hi^ organic content* 
There is no fishing industry in 
Lake Erie* There is , * * there 
are still a few fish in some of 
th^ tributaries* but not in 'the 

30 lake itself. (A bell sounds.) 

All ris|it» dismissed. 

(The lesson ends*) 



logical procedures and the type of 
phenomena which are urrr to arrive 
at the decision that the lake is dead* 

The retrieval of the natural watervt^ 
(Ii*4) is mentioned as the only practi^ 
cal solution* This excludes the con* 
sideration of alternatives* 

>^ 

The lesson contii^ues with, more tmsub- ^ 
stantiated assertions* It is clear 
that the role of the student is to be 
informed* There is no opportunity for 
a student to examine the evidence which 
is supplied for there is no explicit 
reference to its source* Neither can 
a student examine the judgoents which 
are reported for the logical procedures 
used In formulating these judgments 
are not explicated* Therefore the 
episode is judged as exen^lifying 
IMPRESSION model teaching* 
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